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Welcome  to  Biology  20 

In  Biology  20  you  will  learn  more  than  faets.  You  will  be  eneouraged  to  develop  positive  attitudes  and  to 
acquire  and  use  knowledge  and  skills  in  responsible  ways.  Your  studies  will  lead  you  to  achievements  in  each 
of  the  following  four  areas  prescribed  by  the  Alberta  Program  of  Studies. 


Foundation  1 

Attitudes — Students  will  be  encouraged  to  develop  attitudes  that  support  the  responsible  acquisition  and 
application  of  scientific  and  technological  knowledge  to  the  mutual  benefit  of  self,  society,  and  the 
environment. 

Foundation  2 

Knowledge — Students  will  construct  knowledge  and  understandings  of  concepts  in  life  science,  physical 
science,  and  Earth  and  space  science  and  apply  these  understandings  to  interpret,  integrate,  and  extend  their 
knowledge. 

Foundation  3 

Science,  Technology,  and  Society  (STS) — Students  will  develop  an  understanding  of  the  nature  of  science 
and  technology,  the  relationships  between  science  and  technology,  and  the  social  and  environmental  contexts 
of  science  and  technology. 

Foundation  4 

Skills — Students  will  develop  the  skills  required  for  scientific  and  technological  inquiry,  for  solving  problems, 
for  communicating  scientific  ideas  and  results,  for  working  collaboratively,  and  for  making  informed 
decisions. 


This  course  builds  upon  the  scientific  concepts  from 


Grade  7 Science,  Unit  A:  Interactions  and  Ecosystems 

Grade  7 Science,  Unit  B:  Plants  and  Food  for  Fibre 

Grade  8 Science,  Unit  B:  Cells  and  Systems 

Grade  8 Science,  Unit  E:  Freshwater  and  Saltwater  Systems 

Grade  9 Science,  Unit  A:  Biological  Diversity 

Science  10,  Unit  C:  Cycling  of  Matter  in  Living  Systems 

Science  10,  Unit  D:  Energy  Flow  in  Global  Systems 

Biology  20  is  composed  of  four  units  that  prepare  students  for  further  study  in  the  flow  of  energy  and  cycling 
of  matter  in  the  biosphere,  populations  and  community  dynamics,  cellular  processes  impacted  by  global 
systems,  and  the  functioning  of  human  systems.  These  units  are 

Unit  A:  Energy  and  Matter  Exchange  in  the  Biosphere 
Unit  B:  Ecosystems  and  Population  Change 
Unit  C:  Photosynthesis  and  Cellular  Respiration 
Unit  D:  Human  Systems 

Biology  20  Textbook  and  Website  Support 

Inquiry  into  Biology,  McGraw-Hill  Ryerson 

You  will  be  using  Inquiry  into  Biology  as  your  textbook  for  this  course.  It  will  help  you  add  depth  to  your 
understanding  of  the  topics  you  study.  You  will  find  additional  support  at  the  textbook’s  online  website, 
http://www.albertabiology.ca.  Here,  you  can  use  unit  pre-quizzes,  web  links,  chapter  highlights,  study  tips, 
research  tools,  and  other  opportunities  for  further  learning. 

About  Biology  20 

The  learning  model  used  in  Biology  20  is  designed  to  be  engaging  and  to  have  you  participate  in  inquiry  and 
problem  solving.  You  will  actively  interpret  and  critically  reflect  on  your  learning  process.  Learning  begins 
within  a community  setting  at  the  centre  of  a larger  process  of  teaching  and  learning.  You  will  be  encouraged 
to  share  your  knowledge  and  experiences  by  interaction,  feedback,  debate,  and  negotiation. 

Components 

This  Biology  20  course  has  three  main  components.  It  consists  of  eight  Student  Module  Booklets,  eight 
Assignment  Booklets,  and  the  Biology  20  Multimedia  DVD. 

Course  Structure 

The  course  uses  the  following  structure  to  connect  you  to  the  relevant  curriculum  and  scientific  concepts  in 
Biology  20.  These  components  are  used  consistently  throughout  the  course  and  will  help  you  in  seeing  the 
context  and  overall  content  of  the  program. 


Unit 


The  units  of  study  are  identified  in  the  Program  of  Studies.  Units  are  defined  by  subject  matter  and  are  not 
limited  by  quantity  of  content  or  time  of  study.  Each  unit  is  comprised  of  modules  (usually  one  for  each 
general  outcome),  includes  a general  introduction  and  a visual  representation  of  content  structure  (e.g.,  concept 
organizer/site  map)  as  well  as  a list  of  general  outcomes  to  be  addressed,  and  includes  a unit  summary  and 
assessment. 


Module 

Each  module  consists  of  content  developed  around  a general  or  major  outcome.  Modules  are  comprised  of 
lessons  and  include  the  introductory  sections  Big  Picture,  In  This  Module,  and  Module  Summary  and 
Assessment. 


I Big  Picture 

i 

' Big  Picture  provides  a brief  introduction  to  the  module  while  connecting  to  your  prior  learning  and  personal 
knowledge.  It  refers  to  the  essential  questions  of  the  module  and  invites  you  to  reflect  on  the  “big  picture” 
within  your  own  context. 


I Discuss 


Discuss  provides  opportunities  for  you  to  interact  with  your  peers  and  teacher.  Discussion  topics  and 
collaborative  activities  should  be  independent  of  delivery  mode,  given  the  variety  of  technology  access  and 
delivery  methods  in  schools. 


Explore 

; Explore  encourages  you  to  investigate  new  concepts  through  preparation  and  presentation  (Read),  multimedia 
I interactions  (Watch  and  Listen),  hands-on  simulations  (Labs),  and  explorative  activities  (Try  This). 
Components  within  this  section  often  do  not  follow  a specific  order.  For  example,  you  can  do  Watch  and 
I Listen  after  Try  This  or  do  Labs  before  Read. 


Get  Focused 


Get  Focused  encourages  you  to  focus  on  the  task  at  hand  and  the  outcomes  to  achieve.  It  includes  a list  of 
knowledge  outcomes,  STS  outcomes,  and/or  skills  outcomes.  It  prepares  you  for  the  upcoming  lesson  by 
providing  a lesson  rubric,  a list  of  assessment  items,  and  a list  of  required  equipment  and  materials. 


Going  Beyond 

Going  Beyond  gives  you  the  choice  of  challenging  and  enriching  your  knowledge  beyond  the  lesson. 


Lab 


Labs  include  hands-on  activities  with  available  equipment/materials  and/or  multimedia  simulations  of  a lab. 

Lesson 

Each  lesson  consists  of  the  main  learning  content  from  which  you  explore,  reflect,  and  connect.  The  length  of 
each  lesson  is  defined  by  content  that  covers  at  least  one  measurable  outcome. 


Read 


The  Read  component  uses  textual  material  to  convey  concepts  to  you.  This  material  may  appear  directly 
within  this  component.  Alternatively,  it  may  be  presented  indirectly  through  another  resource.  For  example, 
you  may  be  sent  to  your  textbook  or  provided  with  a link  to  a website. 


Reflect  and  Connect 

Reflect  and  Connect  provides  you  with  opportunities  to  check  your  understanding  of  concepts  introduced  in 
the  lesson  (Self-Check)  and  to  make  connections  to  prior  learning  and  personal  knowledge  (Reflect  on  the  Big 
Picture).  It  also  provides  you  with  opportunities  to  interact  with  your  peers  and  your  teacher  through 
communication  and  collaboration  (Discuss). 


Reflect  on  the  Big  Picture 


Reflect  on  the  Big  Picture,  part  of  Reflect  and  Connect,  provides  connections  to  the  Big  Picture  introduced  at 
the  beginning  of  the  module.  It  connects  and  adds  to  the  initial  essential  question(s)  and  situates  the  concepts 
of  the  lesson  within  the  Big  Picture  context. 


Summary 

There  are  course,  unit,  module,  and  lesson  summaries.  All  lesson  summaries  build  toward  the  unit  and  course 
summaries  and  make  connections  to  the  Big  Picture  introduced  at  the  module  level.  Each  summary  provides 
you  with  information  about  what  you  have  accomplished. 


Self-Check 

Self-Check  provides  you  with  opportunities  to  check  your  understanding  of  new  concepts  learned  in  the 
lessons  and  to  make  connections  to  prior  learning.  You  may  be  able  to  check  your  own  work,  or  you  may 
require  teacher  feedback. 


Try  This 

Try  This  includes  opportunities  to  practise  and  apply  learned  concepts  outside  of  a lab  environment.  These  can 
be  simulations,  questions,  webquests,  or  other  activities  that  provide  you  with  a space  to  explore  different 
ways  of  applying  new  concepts. 


; Watch  and  Listen 

I! 

I Watch  and  Listen  includes  both  passive  and  interactive  multimedia  content  (podcasts,  videos,  interactive  Flash 
activities,  etc.). 


Visual  Cues  (Icons) 


You  will  see  icons  throughout  the  course.  These  icons  are  clues  regarding  the  type  of  activity  you  are  about  to 
begin. 

Each  unit  in  the  course  has  a different  colour  theme,  and  the  icons  will  change  colour  to  match.  For  example, 
here  are  the  four  different  colours  of  the  Big  Picture  icon  that  appear  in  Units  A to  D,  respectively. 


Unit  A Unit  B Unit  C 


The  icons  and  their  meanings  are  given. 


w 
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Reference  (Data  Tables) 

In  this  course  you  will  need  numerical  and  scientific  data  for  reference.  The  Biology  30  Data  Sheet  from 
Alberta  Education  contains  the  reference  data.  You  will  be  allowed  to  use  a copy  of  the  Data  Sheet  when 
writing  the  Biology  30  Diploma  Examination.  That  is  a good  reason  for  becoming  familiar  with  the  Data 
Sheet.  The  Data  Sheet  can  be  downloaded  from  http://www.education.alberta.ca/admin/testing/ 
diplomaexams . aspx . 


Special  Learning  Activities:  Labs  and 
Simulations 

This  course  includes  biology  experiments  for  you  to 
perform.  To  avoid  the  need  for  specialized  apparatus  and 
chemicals,  you  will  be  provided  with  computer  multimedia 
simulations  to  provide  a hands-on  experience.  For  example, 
you  will  have  the  opportunity  to  use  a simulation  of  a lab 
about  leaf  size  to  determine  whether  different  abiotic 
conditions  affect  a plant’s  morphology. 

Glossary 

A biology  glossary — an  alphabetical  list  of  biology  terms  and  their  meanings — is  provided  in  this  course.  Your 
I textbook.  Inquiry  into  Biology,  also  has  a glossary  for  you  to  refer  to. 

Lesson  Answers  (for  students) 

i 

j 

1 For  many  items,  answers  are  provided  through  a “Check  your  work”  link.  Some  items,  especially  assessment 
items,  are  to  be  marked  by  your  teacher.  For  these  items,  submit  your  work  to  your  teacher. 

Using  the  Biology  20  Course  Folder 

' The  Biology  20  course  folder  serves  as  the  organized  collection  of  your  work  in  Biology  20.  It  exhibits  to 
others  your  efforts,  achievements,  self-reflection,  and  progress  throughout  the  course.  When  you  want  to  show 
I your  friends  or  family  what  you’ve  been  learning,  your  work  is  all  there. 

You  will  be  expected  to  put  all  of  your  work  into  the  course  folder.  If  you  are  unsure  of  the  process,  your 
teacher  will  walk  you  through  it.  Throughout  the  course  you  will  be  asked  to  add  things  to  the  course  folder. 

! In  addition  to  being  able  to  show  others  what  you  have  done,  the  course  folder  lets  you  see  your  progress.  It 
lets  you  see  how  your  knowledge,  skills,  and  understandings  are  growing.  It  also  lets  you  review  and  annotate 
work  you  have  already  completed.  You  may  find  your  course  folder  useful  in  preparing  for  tests  and  quizzes. 

I Periodically,  you  will  be  asked  to  share  items  from  your  course  folder  with  your  teacher.  This  is  not  always  for 
grading,  as  often  your  teacher  may  use  these  items  to  learn  more  about  you  and  your  interests  or  as  a way  of 
tailoring  other  work  assigned  to  you. 


Leaf  Lab 


^ start  Lab 


Technical  Requirements 

This  course  requires  the  following  technical  requirements. 

Minimum  System  Requirements: 

PC  Compatible 

• Intel(R)  Pentium(R)  III  or  AMD-K6(R)-2  processor-based  computer 

• 450  MHz  CPU 

• Microsoft(R)  Windows(R)  2000/XP 

• 512  MB  RAM 

• monitor  capable  of  1024  x 768  screen  resolution  and  16-bit  colour 

• 1 6-bit  sound  card  and  speakers 

• lx  DVD-ROM  drive  (for  print  version) 

• A printer  is  recommended. 

Macintosh(R) 

• Power  Macintosh(R)  G3 

• 500  MHz  CPU 

• MacOS(R)X 

• 512  MB  RAM 

• monitor  capable  of  1024  x 768  screen  resolution  and  thousands  of  colours 

• 1 6-bit  sound  card 

• lx  DVD-ROM  drive  (for  print  version) 

• A printer  is  recommended. 

Minimum  Software  Requirements*: 

For  All  Platforms 

• Adobe(R)  Reader(R)  6.0  (Download  from  http://www.adobe.com/downloads/) 

• Adobe(R)  Shockwave(R)  Player  8.5  (Download  from  http://www.adobe.com/downloads/) 

• Adobe(R)  Flash(TM)  Player  7 (Download  from  http://www.adobe.com/downloads/) 

• Microsoft(R)  Office  Excel(R)  2003 

• Microsoft(R)  Office  Word  2003  (optional) 

• QuickTime(R)  Player  7.0  (Download  from  http://www.apple.com/quicktime/download) 

For  Windows(R)  2000/XP 

• Microsoft(R)  Internet  Explorer  6.0  for  Windows(R)  (Download  from  http://www.microsoft.com/ 
windows/ie/ie6/downloads/default.mspx)  OR 

• Mozilla(R)  Firefox(R)  2 (Download  from  http://www.mozilla.org/download.html) 

• Java(TM)  2 Platform  Standard  Edition  (J2SE  1.4.1)  (Download  from  http://java.sun.com/javase/ 
downloads/index.jsp) 

For  Mac  OS(R)  X 

• Safari(TM)  1.3 

• Java(TM)  2 Platform,  Standard  Edition,  version  1 .4. 1 for  Mac  OS(R)  X (Download  from 
http  ://apple.  com/j  ava) 

* Please  note  that  vendors  may  have  a more  current  version  of  their  players  and/or  plug-ins  available,  which 
you  can  download  from  their  sites,  than  the  minimum  software  requirements  listed  above. 
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Energy  Flow  and  the  Cycling  of  Matter 


Biology  20 

Unit  Energy  and  Matter  Exchange  in  the  Biosphere 

Unit  A Introduction 


What  is  the  importance  of  balancing  energy  flow  and  the  cycles  of  matter  in  maintaining  equilibrium  with  the 
biosphere?  What  happens  when  humanity  intentionally  or  unintentionally  affects  this  balance?  These  are 
questions  you  should  consider  as  you  work  through  Unit  A. 

Earth’s  source  of  energy  from  the  Sun  is  infinite,  as  far  as  is  known.  This  energy  flows  through  the  biosphere 
and  constantly  transfers  from  producers  to  consumers.  Matter,  such  as  carbon,  oxygen,  nitrogen,  and 
phosphorus,  is  finite  and,  therefore,  needs  to  cycle  or  the  supply  of  matter  will  run  out.  Humans  are  one  animal 
species  involved  in  these  processes  that  have  a great  impact  on  the  flow  of  energy  and  the  cycling  of  matter. 
Human  influence  on  balance  in  the  biosphere  can  be  positive  (e.g.,  a helpful  technology)  or  negative  (e.g., 
pollution)  and  intentional  or  unintentional. 

In  Unit  A you  will  focus  on  how  energy  is  transferred  within  the  biosphere  and  how  energy  is  related  to  the 
cycling  of  matter  in  the  biosphere.  You  will  examine  how  the  constant  flow  of  energy  and  cycling  of  matter  in 
the  biosphere  leads  to  a state  of  equilibrium  or  homeostasis.  You  will  also  study  why  it  is  important  for  the 
biosphere  to  remain  in  a state  of  equilibrium.  And  you  will  also  investigate  the  ecological  impact  of  human 
activities  on  the  exchange  of  energy  and  matter  in  the  biosphere. 

There  are  two  modules  in  this  unit.  Module  1 investigates  how  energy  flows  through  the  biosphere  and  how 
energy  affects  the  biogeochemical  cycling  that  takes  place  in  the  biosphere.  You  will  explore  energy  flow  and 
the  cycling  of  matter,  and  you  will  discover  how  these  processes  work  to  maintain  biosphere  equilibrium. 
Module  2 will  focus  on  the  impacts  of  humans  on  biosphere  equilibrium. 

Together,  these  modules  will  explain  how  the  exchange  of  energy  and  matter  are  essential  to  maintaining 
equilibrium  in  the  biosphere  and  how  human  activity  can  disrupt  that  equilibrium. 

Specifically,  you  will  be  able  to 

• explain  how  the  biosphere  is  maintained  by  a constant  flow  of  energy 

• describe  the  cycling  of  matter  through  the  biosphere  and  how  cycling  perpetuates  the  biosphere’s  steady 
state  of  equilibrium 

• explain  how  the  balance  of  energy  and  matter  exchange  in  the  biosphere  maintains  its  steady  state  of 
equilibrium 

As  you  work  through  the  two  modules  of  this  unit,  you  will  find  Self-Check  questions,  Try  This  assignments, 
labs,  and  discussions.  There  will  be  lesson  assignments,  which  will  be  indicated  at  the  beginning  of  each 
lesson  and  then  clearly  identified  throughout  the  lesson.  There  will  also  be  module  assignments.  All  of  the 
course  work  that  you  complete,  whether  it  is  for  assessment  or  not,  should  be  saved  in  your  course  folder. 
Think  of  the  course  folder  as  your  binder  for  storing  course  materials  and  review  notes. 

Once  you  have  completed  this  unit,  you  will  write  a response  that  offers  the  opportunity  to  practise  responding 
to  diploma-exam  questions.  Perhaps  you  will  choose  not  to  take  Biology  30;  however,  learning  how  to  answer 
diploma-exam  questions  is  a practical  skill  that  can  be  applied  to  other  science  diploma  courses.  In  this  unit 


! you  will  be  asked  to  consider  the  consequences  of  human  activity  on  biosphere  equilibrium.  To  respond  to  this 
! question,  you  will  have  to  explore  the  processes  of  energy  flow  and  matter  exchange  and  predict  the  outcomes 
based  on  what  you  have  learned  about  energy  and  matter  exchange. 

When  you  are  ready  to  begin  the  Unit  Assignment,  go  to  the  unit  assessment  section  of  the  course  for 
instructions  and  a guide  to  learn  how  the  written  response  will  be  marked. 
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Concept  Organizer 


Module  Descriptions 

Module  1 — Energy  Flow  and  the  Cycling  of  Matter 

In  this  module  you  will  examine  the  use  of  energy  and  the  cyeles  of  matter  within  the  biosphere. 

Module  2 — Biosphere  Equilibrium  and  the  Impact  of  Humans 

In  this  module  you  will  explore  the  balancing  act  of  the  biosphere  and  how  human  activities  can  disrupt  the 
cycling  of  matter  and  energy  flow. 
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Module  1 — Energy  Flow  and  the  Cycling  of  Matter 


Module  Introduction 


„ In  Module  1 you  will  examine  the  use  of  energy  and  the  cycles  of  matter  within  the  biosphere.  You  will  learn 
that  capturing  energy  is  done  through  organisms  called  producers.  You  will  investigate  how  producers  are  able 
to  convert  the  energy  they  capture  into  chemical  energy  that  can  be  used  by  other  organisms  called  consumers. 

. You  will  also  gather  evidence  about  and  describe  how  consumers  allow  energy  to  flow  through  the  biosphere. 
Then  you  will  look  at  how  finite  resources  are  cycled  through  the  biosphere. 

By  the  end  of  this  module,  you  will  be  able  to  explain  how  the  relationships  between  producers  and 
consumers — abiotic  and  biotic  components  of  the  biosphere — maintain  a constant  cycling  of  matter  and 
i energy  flow. 


|The  essential  questions  that  you  will  be  looking  at  in  this  module  are  the  following: 

I • How  does  energy  enter  the  biosphere,  and  how  is  it  distributed? 

I • Once  energy  is  in  the  biosphere,  how  does  energy  become  useful? 

• What  properties  of  water  contribute  to  water’s  role  in  the  biosphere? 

I • Why  is  the  cycling  of  matter  within  the  biosphere  important  to  life  on  Earth? 

; • How  are  biodiversity  and  biomagnification  related  to  energy  flow  and  the  cycling  of  matter? 

I Once  you  have  completed  Module  1,  you  will  work  on  a module  project  that  requires  you  to  answer  the 
I essential  questions  for  this  module.  These  questions  will  be  answered  through  an  analysis  of  a photograph,  a 
sketch,  or  an  image  from  a magazine.  When  you  are  ready  to  begin  the  module  project,  go  to  the  Module 
Summary  and  Assessment  to  read  the  instructions  and  learn  how  you  will  be  graded. 


Big  Picture 
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And  then  you  know  the  weather  cycle  is  continuing  when 
you  see  falling  leaves. 

These  photographs  are  familiar  scenes  to  most  people  in 
Alberta.  For  many  people,  their  favourite  season  is  summer. 

Everything  seems  alive!  It  also  seems  like  many  people  are 
more  interactive  with  the  surroundings  (e.g.,  animals, 
people,  and  plants). 

In  reality,  people  are  constantly  exchanging  energy  and 
matter  with  the  environment  every  day — 365  days  a year. 

This  means  that  there  must  be  something  happening  even  in 
the  spring,  fall,  and  winter.  Energy  must  be  constantly 
flowing,  and  nutrients  must  be  cycling  somehow  in  order 
for  life  cycles  to  continue.  After  all,  you  eat  and  go  outside 
whether  it  is  winter  or  summer. 

This  module  will  guide  your  discovery  of  exactly  how 
energy  flows  in  the  biosphere  and  how  matter  cycles.  As 
you  work  through  Module  1,  return  to  these  photographs. 

Each  time  you  finish  a lesson,  look  at  these  pictures  or  view 
the  scenery  outside  and  ask  yourself  this  Big  Picture  question;  “How  does  energy  flow  and  matter  cycle?”  As 
you  progress  in  the  module,  your  answer  will  become  more  complex  and  complete. 

Each  lesson  will  focus  on  answering  one  of  the  following  questions: 

• How  does  energy  enter  the  biosphere,  and  how  is  it  distributed? 

• Once  energy  is  in  the  biosphere,  how  does  it  become  useful? 

• What  properties  of  water  contribute  to  water’s  role  in  the  biosphere? 

• Why  is  the  cycling  of  matter  within  the  biosphere  important  to  life  on  Earth? 

• How  do  biodiversity  and  biomagnification  relate  to  energy  flow  and  the  cycling  of  matter? 

When  you  finish  Module  1,  you  will  have  completed  several  lesson  assignments  and  a module  project.  When 
you  are  ready  to  work  on  your  Module  Project,  go  to  the  Module  Summary  and  Assessment  for  instructions. 

In  This  Module 

Lesson  1 — Energy  for  Life 

Y ou  already  know  that  every  organism  in  the  biosphere  requires  energy.  This  lesson  will  build  on  what  you 
already  know  about  photosynthesis.  You  will  also  explore  how  some  organisms  capture  and  store  chemical 
energy  rather  than  light  energy.  In  order  to  better  understand  the  capture  and  storage  of  energy,  as  well  as  its 
release,  you  will  explore  the  relationship  between  the  processes  of  photosynthesis,  chemosynthesis,  and 
cellular  respiration. 

• What  processes  do  producers  use  to  harness  energy? 

• How  is  energy  distributed  through  the  biosphere? 
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! Lesson  2 — Energy  Flow  Through  Trophic  Levels  and  the  Cycling  of  Matter 

I 

I This  lesson  will  examine  how  energy  is  transferred  from  one  organism  to  another  within  an  ecosystem.  To  do 
; this,  you  will  study  the  flow  of  energy  between  producers  and  consumers.  You  will  see  that  the  flow  of  energy 
” can  be  compared  to  the  links  in  a chain.  You  will  also  find  out  how  much  energy  is  actually  available  from  one 
trophic  level  to  another  within  a food  chain. 

• How  can  you  model  the  transfer  of  energy  and  matter  between  organisms? 

• How  can  you  use  math  to  explain  the  differences  in  energy  flow  in  various  ecosystem  food  chains? 

Lesson  3 — Two  Hydrogens  and  an  Oxygen:  One  Small  Molecule,  One  BIG  Role 

Water  is  a key  player  in  the  dynamic  balance  of  the  biosphere.  This  lesson  looks  at  the  importance  of  water  to 
the  biosphere,  especially  to  biogeochemical  cycles  (that’s  just  a big  word  for  “chemicals  of  the  living  Earth”). 

• What  chemical  and  physical  properties  of  water  make  water  an  important  part  of  biogeochemical  cycles? 


Lesson  4 — Cycling  of  Matter 


I j What  matter  matters?  Carbon,  oxygen,  nitrogen,  and  phosphorus  are  substances  that  matter.  Since  there  is  a 
I ij  finite  supply  of  these  chemicals,  they  must  be  cycled  or  the  supply  will  run  out.  This  lesson  looks  at  the 
'I  cycling  of  these  substances  and  provides  you  with  the  opportunity  to  discover  exactly  how  important  these 
■'molecules  are  to  you. 


• How  do  carbon,  oxygen,  nitrogen,  and  phosphorus  cycle  through  the  biosphere? 


Lesson  5 — Biodiversity  and  Biomagnification 


Once  you  look  at  how  energy  flows  and  matter  cycles,  it  would  be  a good  idea  to  relate  that  to  biodiversity  and 
biomagnification.  Both  are  affected  by  the  distribution  of  energy  and  matter.  By  looking  at  these  two  concepts 
jyou  will  be  better  able  to  explain  the  equilibrium  that  can  exist  in  the  biosphere. 


• How  do  biodiversity  and  biomagnification  relate  to  energy  flow  and  the  cycling  of  matter? 


' [Once  you  have  completed  these  lessons  you  will  complete  a module  project.  Once  the  project  is  complete  you 
iWill  move  on  to  Module  2,  which  looks  at  the  fine  balance  of  energy  and  matter  and  how  human  actions  can 
create  imbalances  that  can  eventually  reach  global  proportions. 


You  will  be  graded  according  to  the  work  you  complete  for  the  lesson  assignments  and  the  module  project. 
[The  module  project  is  the  final  assignment  for  Module  1. 
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Lesson  1 — Energy  for  Life 


Get  Focused 


How  does  energy  enter  the  biosphere?  If  you  walk  out  your 
front  door,  part  of  the  answer  is  right  there  in  front  of  you. 

It  doesn’t  matter  whether  you  live  in  the  city  or  in  the 
country.  If  you  feel  the  sun  on  your  face  and  see  some  leafy 
green  things,  that’s  usually  the  starting  point.  Recall  the  Big 
Picture  photos  that  show  producers  in  each  one.  What  do 
producers  do  for  people — the  consumers? 


biosphere:  all  areas  on  Earth  that  can  sustain 
life  and  are  inhabited  by  organisms  (air,  water, 
land) 

equilibrium:  balance  in  a system;  the  overall 
fluctuations  in  the  system  balance  out  and  there 
is  no  net  change  over  time 

producers:  organisms  that  are  able  to  produce 
their  own  food  (energy)  by  harnessing  chemical 
or  solar  energy;  also  called  autotrophs 

consumers:  organisms  that  must  obtain  their 
food  (energy)  by  eating  other  organisms 
(producers  or  consumers);  also  called 
heterotrophs 


© Plainview/iStockphoto 


In  order  to  better  understand  how  energy  begins  to  flow  through  the  biosphere  and  helps  to  maintain 
equilibrium,  you  will  look  at  the  role  of  producers  and  consumers. 

Consider  the  following  essential  questions  as  you  complete  Lesson  1 ; 

• What  processes  do  producers  use  to  harness  energy? 

• How  is  energy  distributed  through  the  biosphere? 

Module  1:  Lesson  1 Assignment 

Your  teacher-marked  Lesson  1 Assignment  requires  you  to  submit  a response  to  the  following: 

• Lesson  1 Lab:  Photosynthesis:  Part  A 

• your  choice  of  two  Try  This  questions 
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' The  other  questions  in  this  lesson  are  not  marked  by  the  teacher;  however,  you  should  still  answer  these 
questions.  The  Self-Check  and  Try  This  questions  are  placed  in  this  lesson  to  help  you  review  important 
information  and  build  key  concepts  that  may  be  applied  in  future  lessons. 

I 

After  a discussion  with  your  teacher,  you  must  decide  what  to  do  with  the  questions  that  are  not  part  of  your 
: assignment.  For  example,  you  may  decide  to  submit  to  your  teacher  the  responses  to  Try  This  questions  that 
I are  not  marked.  You  should  record  the  answers  to  all  questions  in  this  lesson  and  place  those  answers  in  your 
course  folder. 

j The  choices  you  make  about  responding  to  the  Self-Check  and  Try  This  questions  will  depend  upon  your 
I learning  style,  your  abilities  in  this  subject,  and  your  goals  for  the  course. 

There  are  several  types  of  questions  in  this  lesson.  For  the  Self-Check  questions  you  can  respond  mentally, 
write  out  your  response,  or  record  your  answer  in  any  other  way  that  works  for  you.  There  are  Try  This 
questions  that  will  often  be  a part  of  your  lesson  assessment.  These  may  require  more  attention  and  detail. 

'You  will  also  be  asked  to  complete  labs  virtually,  on  your  own,  or  in  a science  lab.  Lab  reports  will  usually  be 
lUsed  as  a lesson  assessment  as  well.  At  times,  you  will  be  asked  to  engage  in  discussion  topics  with  other 
[students.  All  hand-in  assignments  will  be  clearly  indicated  at  the  end  of  Get  Focused  and  throughout  the 
jilesson.  Not  all  questions/activities  will  be  submitted  as  Assessments,  but  they  do  reinforce  the  key  concepts 
i you  must  learn  to  be  successful. 

!l 

i Think  of  these  questions/activities  as  little  bits  of  Lego.  You  need  to  have  many  pieces  of  Lego  before  you  can 
i jbuild  a useful  object.  By  the  end  of  each  module,  you  should  have  collected  and  stored  enough  Lego  bits  of 
I [knowledge  to  feel  comfortable  building  ideas  with  them.  If  you  are  a few  pieces  short,  you  need  to  revisit  a 
lesson. 

j As  you  work  through  Lesson  1 , you  need  to  decide  if  you  will  make  your  own  notes,  bookmark  web  pages  for 
1 reference,  draw  diagrams/charts,  or  use  other  means  to  remember.  You  are  in  charge  of  how  you  learn.  You 
can  save  everything  in  your  course  folder  or,  if  you  prefer  paper,  then  attach  your  assignments,  notes,  and 
musings  in  a real  binder.  Don’t  forget  that  some  items  MUST  be  put  in  the  course  folder. 


Explore 


Read 


Begin  this  lesson  by  reading  from  pages  8 and  9 in  your  textbook.  Don’t  read  “Investigation  1 A,”  but  read  the 
remainder  of  page  1 1 and  to  the  bottom  of  the  first  column  on  page  12.  Pay  special  attention  to  “Figure  1.2”  on 
page  9,  which  shows  the  relationship  between  photosynthesis  and  cellular  respiration.  Also  note  “Figure  1.4” 
3n  page  11,  which  shows  the  distribution  of  solar  energy  in  the  biosphere. 


Self-Check 


1.  Answer  questions  3 and  4 on  page  9 of  the  textbook. 
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SC  2.  What  conclusion  can  you  make  about  the  energy  transfer  from  the  solar  system  to  organisms  on  Earth? 

Check  your  work  with  the  answer  in  the  appendix. 


Producers:  Energy  Harvesters 


In  this  part  of  Lesson  1 you  will  examine  the  various 
mechanisms  involved  in  colleeting  and  storing  energy. 
Biology  is  full  of  diversity,  so  it  may  not  come  as  a 
surprise  to  you  that  there  are  two  methods  used  by 
producers  or  autotrophs  to  store  energy.  These  methods  are 
photosynthesis  and  chemosynthesis.  Photosynthesis  is 
used  by  terrestrial  producers  with  aecess  to  a light  source. 
Chemosynthesis  is  used  by  deep-sea  producers  with  no 
access  to  solar  energy. 


photosynthesis:  the  process  by  which  plants, 
algae,  and  some  kinds  of  bacteria  use  solar 
energy  to  chemically  convert  earbon  (inorganic) 
into  carbohydrates  (organic)  such  as  sugars  and 
starches 

chemosynthesis:  the  process  by  which  certain 
fungi  and  bacteria  use  the  energy  from  ehemical 
nutrients  to  chemically  convert  carbon 
(inorganic)  into  carbohydrates  (organic) 


The  flow  of  energy  begins  with  producers.  Terrestrial 
producers  are  capable  of  completing  the  conversion  process  (photosynthesis)  by  absorbing  water  from  the 
ground  and  carbon  dioxide  from  the  air.  Chloroplasts,  containing  the  green  pigment  chlorophyll,  that  are  insid( 
the  cells  of  a producer  capture  the  solar  energy  generated  by  the  Sun. 


The  solar  energy  excites  electrons  inside  the  chlorophyll 
molecule,  and  these  electrons  trigger  the  ehemical  reaction 
that  converts  carbon  dioxide  and  water  into  glucose, 
oxygen,  and  some  waste  water.  This  happens  mainly  in  the 
leaves  of  plants. 

Photosynthesis  will  be  discussed  in  greater  detail  in  Unit  C. 
At  this  point  it  is  important  to  be  familiar  with  the  products 
and  reactants  of  photosynthesis.  An  essential  knowledge 
point  is  that  carbohydrates  (sugars)  are  produced  by 
photosynthesis.  Solar  energy  is  converted  to  chemical 
energy.  This  is  an  important  event,  since  your  body  require 

chemical  energy  to  keep  on  ticking. 

Photosynthetic  Equation  I 

6 C02(g)  + 6 H20(1)  + solar  energy  ->  C6Hl206(aq)  + 6 02(g)  + 3 H20(l)  H 

This  equation  shows  the  first  law  of  thermodynamics — energy  has  changed  forms. 

first  law  of  thermodynamics:  energy  in  a system  cannot  be  created  nor  destroyed;  it  changes  forms 

photoautotrophs:  the  process  by  which  plants,  algae,  and  some  kinds  of  bacteria  use  solar  energy 
to  chemieally  eonvert  carbon  (inorganic)  into  carbohydrates  (organic)  such  as  sugars  and  starches 
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;use  photosynthesis? 


Some  photoautotrophs  are  not  plants,  but  are  special 
bacteria  capable  of  performing  photosynthesis.  These 
bacteria  are  called  cyanobacteria  and  are  usually  found  in 
fresh  water  environments,  but  they  can  also  be  found  in 
such  areas  as  oceans;  damp,  rocky  areas;  and  damp  soil. 
Some  even  live  in  the  fur  of  sloths! 

Photosynthesis  is  an  important  mechanism  for  capturing 
and  storing  energy.  It  is  not  surprising,  therefore,  to  find  out 
that  approximately  98%  of  all  producers  use  photosynthesis 
to  produce  food!  Those  are  the  organisms  capturing  a 
fraction  of  the  Sun’s  energy.  What  about  the  other  2%  of 
producers?  What  mechanism  do  they  use?  Why  don’t  they 


IThe  other  2%  of  producers  don’t  use  photosynthesis  for  the  simple  reason  that  they  do  not  have  access  to  the 
12%  of  solar  energy  available  to  photoautotrophs.  These  organisms  can  be  found  in  extreme  environments,  such 
las  the  ocean  floor.  These  environments  usually  share  a common  characteristic — they  are  in  complete  darkness! 
These  organisms  resort  to  a mechanism  called  chemosynthesis  to  convert  inorganic  molecules  into  an  organic 
Imolecule  that  will  serve  as  a food  source. 


It  is  time  to  more  closely  explore  the  processes  of  photosynthesis  and  chemosynthesis. 


1 


Watch  and  Listen 


A Closer  Look  at  Producers  and  Photosynthesis 


Photosynthesis  provides  organisms  with  the  energy  they 
|ieed  to  stay  alive.  What  happens  if  limiting  factors  such  as 
Jiow  light  intensity,  low  carbon  dioxide  levels,  or  extreme 
emperatures  inhibit  the  rate  at  which  photosynthesis  can 
3ccur?  Do  plants  start  dying?  What  happens  to  oxygen 
evels,  a by-product  of  photosynthesis?  How  would 
nhibited  photosynthesis  affect  consumers  that  depend  on 
f)lants  for  energy  and  for  the  oxygen  needed  for  the  process 
l)f  cellular  respiration? 


JO  to  www.learnalberta.ca  and  click  on  the  search  link, 
ifou  may  have  to  input  a username  and  a password.  Contact  efotovoy.geu,/is,ockpho.o 
^our  teacher  for  this  information.  In  the  search  bar,  type  in 

Discovery  of  Photosynthesis"  and  click  the  search  button.  Click  the  resulting  link  "Discovery  of 
^otosynthesis"  and  watch  the  video  to  better  understand  how  the  various  limiting  factors  of  photosynthesis 
vere  discovered.  The  limiting  factors  mentioned  in  this  lesson  and  in  the  video  will  be  examined  further  in  the 
ihotosynthesis  lab  that  you’ll  complete  later  in  Lesson  1. 
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Try  This 


TR  1.  Scientific  Inquiry 

What  series  of  hypotheses  and  observations  and  discoveries  led  scientists  to  the  conclusion  that  carbon  dioxid( 
and  oxygen  were  involved  in  what  is  now  know  as  photosynthesis? 


Assignment 


Please  note  that  you  will  complete  two  Try  This  questions  in  the  Lesson  1 Assignment  in  the  Module  1 
Assignment  Booklet. 


Lesson  1 Lab:  Photosynthesis 


You  will  find  the  necessary  questions  needed  to  complete  this  lab  in  the  Lesson  1 Assignment  in  the  Module 
Assignment  Booklet. 


Purpose 


In  this  lab  you  will  study  photosynthesis  in  a variety  of  conditions.  You  will  vary  light  intensity,  carbon- 
dioxide  levels,  temperature,  and  the  colour  (wavelength)  of  light  in  order  to  find  out  how  each  factor  affects 
oxygen  production.  Oxygen  production  is  used  to  measure  the  rate  of  photosynthesis.  See  the  instructions  tha 
follow  about  accessing  the  Photosynthesis  Lab  Gizmo  to  simulate  photosynthesis. 

Problem  limiting  factor:  any 

• Which  conditions  produce  the  best  rate  of  photosynthesis?  biotic  or  abiotic  factor 

that  controls  or  limits  the 
functioning  of  an 
organism 

• How  do  limiting  factors  affect  the  rate  of  photosynthesis?  I 


Part  A:  Lab  Report 

• To  assist  with  this  lab  go  to  the  Lesson  1 Assignment.  Your  lab  report  should  be  set  up  in  the  same 
format  as  this  template.  You  will  save  your  lab  report  in  your  course  folder  and  later  submit  it  to  your 
teacher  for  assessment.  The  evaluation  rubric  for  this  lab  is  shown  below.  . 
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• Photosynthesis  Laboratory  Evaluation  Rubric 


I 

I 0 

1 

2 

3_ 1 

Hypothesis 

(X3) 

Hypothesis  is 
not  related  to 
the  questions 
posed  in  the 
problem. 

Hypothesis  is 
related  to  the 
questions  posed 
in  the  problem; 
however,  it  does 
not  show  that  the 
student 

comprehends  the 
link  between  the 
limiting  factors 
and  the  rate  of 
photosynthesis 
(production  of 

02). 

Hypothesis  is 
related  to  the 
questions  posed 
in  the  problem; 
it  shows  that  the 
student 
somewhat 
comprehends 
the  link  between 
the  limiting 
factors  and  the 
rate  of 

photosynthesis 
(production  of 

02). 

Hypothesis  is 
related  to  the 
questions 
posed  in  the 
problem;  the 
student 
completely 
comprehends 
the  link 
between  the 
limiting  factors 
and  the  rate  of 
photosynthesis 
(production  of 

02). 

Apply 

Your 

Knowledge 

(X5) 

The  student 
did  not  answer 
the  questions. 

The  student 
partially 

answered  most  of 
the  questions. 

The  student 
fully  answered 
all  of  the 
questions,  but 
may  still  have 
some 

misconceptions 
about  this 
concept. 

The  student 
fully  answered 
all  of  the 
questions  and 
demonstrates  a 
very  good 
grasp  of  this 
concept. 

Discuss 

Results 

(XI) 

The  student 
did  not  come 
up  with  a 
conclusion. 

The  student 
partially 
answered  the 
problem 
questions  or 
answered  most 
questions 
incorrectly. 

The  student 
answered  both 
of  the  problem 
questions,  but 
has  come  to  an 
incorrect 
conclusion 
about  the  links 
between  the 
limiting  factors 
and  the  rate  of 
photosynthesis 
(production  of 

02). 

The  student 
answered  both 
of  the  problem 
questions  and 
has  come  to  a 

correct 

conclusion 
about  the  links 
between  the 
limiting  factors 
and  the  rate  of 
photosynthesis 
(production  of 

02). 
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Going 

Beyond 

(XI) 

The  student 
did  not  use  the 
limiting 
factors  to 
explain  the 
rate  of 

photosynthesis 
in  the  Arctic. 
Research 

sources  were 

not  included. 

The  student  only 
used  one  limiting 
factor  to  explain 
the  rate  of 
photosynthesis  in 
the  Arctic. 

The  conclusion 
was  partially 
correct. 

Research  sources 

were  not 

included. 

The  student  used 
two  or  three  of 
the  limiting 
factors  in  his  or 
her  explanation 
of  the  rate  of 
photosynthesis 
in  the  Arctic. 

The  conclusion 
was  partially 
correct. 

Research 

sources  were 

included. 

The  student 
included  all 
limiting  factors 
in  his  or  her 
explanation  of 
the  rate  of 
photosynthesis 
in  the  Arctic. 

The  conclusion 

was  correct. 

Research 

sources  were 

included. 

Score 

/ 30  points 

• Consider  the  problem  and  prepare  a hypothesis  before  you  open  the  Photosynthesis  Lab  Gizmo. 

• Go  to  www.learnalberta.ca.  and  click  the  search  link.  You  may  need  a LeamAlberta  password  to  access 
this  lab.  Contact  your  teacher  for  this  information.  In  the  search  bar,  type  in  "Photosynthesis  Lab  Gizmo" 
and  click  the  search  button.  Click  the  resulting  link  "Photosynthesis  Lab  Gizmo"  to  open  the  Gizmo. 

• Click  on  the  Exploration  Guide  button  just  above  the  gizmo.  Print  and  follow  the  procedure  provided. 

• Answer  the  Observation  questions  in  your  lab  report  as  you  complete  the  lab  simulation. 

• When  you  write  your  conclusion,  make  sure  to  answer  the  questions  that  were  asked  from  the  “Problem” 
section  of  the  lab.  Also  state  whether  or  not  your  hypothesis  was  correct.  Support  your  answer  with 
specific  examples  from  the  lab. 

• If  you  choose  to  work  with  a partner,  make  sure  to  indicate  both  names  on  your  lab  report. 

Part  B:  Gizmo  Questions 

Once  you  have  completed  the  lab  and  your  lab  report,  answer  the  self-scoring  assessment  questions  found  in 
the  gizmo.  Check  your  results.  You  will  receive  an  individual  report  of  your  self-scoring  assessment  results 
and  an  explanation  of  the  science  behind  each  answer.  Select  and  copy  the  text  from  the  self-scoring 
assessment.  Paste  the  text  into  a word-processing  document,  and  save  these  results  to  your  online  course 
folder.  This  is  not  to  be  marked  by  your  teacher. 

This  document  may  be  useful  when  you  complete  the  unit  essay  question  at  the  end  of  Unit  A.  It  will  also  be 
revisited  in  Unit  C,  so  be  sure  to  save  this  assignment. 
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' Try  This 

I TR  2.  About  2%  of  solar  energy  is  used  for  photosynthesis.  Where’s  the  other  98%? 

1 Explain  where  the  other  98%  of  solar  energy  goes.  Predict  what  would  happen  if  there  were  fluctuations  (an 
! increase  or  a decrease)  in  these  percentages.  Also  predict  what  might  cause  these  changes.  “Figure  1.4”  on 
page  1 1 in  your  textbook  may  be  helpful. 

I 

I Read 

Read  “Energy  for  Life  in  the  Deep  Ocean”  on  pages  12  and  13  of  your  textbook. 


Self-Check 


SC  3.  Answer  question  7 on  page  13  of  the  textbook. 


I Check  your  work  with  the  answer  in  the  appendix. 


Watch  and  Listen 


A Closer  Look  at  Producers  and  Chemosynthesis 


Discovery:  Arctic  Hydrothermal  Vents 


The  northernmost  hydrothermal  vent  fields  in  the  world  were  discovered  in  late  July  2005  on  a 
research  expedition  northwest  of  Norway. 


Adam  Schultz,  CO  AS  geophysicist  who  has  studied  hydrothermal  systems  since  the  1980s,  was  part 
of  the  collaborative  expedition  with  the  University  of  Bergen,  Norway.  An  instrument  he  created, 
called  the  Medusa  Isosampler,  played  a key  role  in  documenting  the  characteristics  of  the  new  vent 
fields. 


j Hydrothermal  vents — also  called  “smokers”  or  “chimneys” — form  along  the  Mid-Ocean  Ridge,  an 
I area  along  the  ocean  floor  where  the  Earth’s  crust  splits  apart  and  new  crust  bubbles  up  in  the  form 
! of  lava  from  the  mantle.  The  ridge  is  the  Earth’s  largest  geologic  feature;  it  zips  up  and  down  the 
middle  of  the  world’s  ocean  basins  like  seams  on  a baseball,  and  is  considered  one  of  the  most 
i extreme  environments  on  Earth. 

i 

' “I’ve  seen  a lot  of  hydrothermal  systems  all  over  the  world’s  oceans,”  Schultz  said,  “and  these 
I Arctic  fields  are  spectacular. 

“There  is  also  a vast  low-temperature  field  that  supports  a diverse  community  of  life,  including 
, large  sea-lilies  that  sit  atop  mineral-bacterial  chimney-like  structures  that  look  like  pineapples.  That 
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is  a particularly  strange  form  of  vent,  because  the  fluids  come  out  at  temperatures  only  a fraction  of 
a degree  above  the  temperature  of  the  background  seawater,  and  that  is  very  cold — ^below  zero 
Celsius — ^which  is  only  possible  in  the  Arctic.” 

Much  of  the  Arctic  Ridge  system  is  unexplored,  and  prior  to  this  discovery,  a vent  field  on  the  shelf 
of  Iceland  was  the  only  one  scientists  had  ever  laid  eyes  upon.  In  marked  contrast  to  that  Icelandic 

field,  the  new  fields  are  replete  with  animal  life.  ^ 

^“Discovery:  Arctic  Hypothermal  Vents,”  Ocean  & Air-A  Magazine  of  Innovation  in  Earth  Systems  Science 
<http://oceanandair.coas. oregonstate.edu/index.cfm?fuseaction=content.display&pageID=9 1 >,  4 September 
2007.  Reproduced  by  permission. 

Discoveries  like  those  discussed  in  the  article  explain  how  organisms  are  able  to  live  in  extreme  environments 
where  light  is  not  available  for  producers  to  capture  solar  energy. 

Listen  to  a past  episode  of  “Quirks  and  Quarks,”  where  scientists  talk  about  the  process  of  chemosynthesis  as 
it  occurs  in  the  most  extreme  conditions  of  deep-sea  volcanic  vents.  To  get  to  this  site,  enter  the  key  words 
“Quirks  and  Quarks  CBC”  into  a search  engine.  This  should  get  you  to  the  main  Quirks  and  Quarks  CBC 
website  of  the  CBC  radio  science  program.  Once  there,  type  in  “Extreme  Living:  Deep  Sea  Vents”  into  the 
CBC  search  bar  in  the  top-right  comer  of  the  page.  Listen  to  this  podcast  with  the  following  Try  This 
questions  in  mind. 

Try  This 


Scientific  Inquiry 

TR  3.  The  discovery  of  deep-sea  organisms  using  chemosynthesis  is  listed  by  the  scientists  in  the  “Quirks  and 
Quarks”  episode  as  one  of  the  top  three  discoveries  in  science.  What  is  significant  about  chemosynthesis  that 
allows  it  to  open  other  avenues  of  theory? 

TR  4.  How  did  the  discovery  of  microbes  in  geothermal  vents  lead  to  the  possibility  of  new  technology? 

TR  5.  What  other  hypotheses  have  been  formed  due  to  the  discovery  of  these  chemosynthetic  organisms? 


How  Energy  Flows  Through  Consumers 


Read 


Now  you  will  be  taking  a close  look  at  consumers.  Read  pages  13  to  15  in  your  textbook,  starting  at  “A  Closer 
Look  at  Consumers.”  Continue  reading  to  “Section  1.1  Summary”  on  page  14.  Make  note  of  the  different  ways 
to  classify  consumers. 
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Self-Check 


SC  4.  Do  questions  6,  7,  and  8 on  page  15  of  your  textbook. 

; Check  your  work  with  the  answer  in  the  appendix. 


SC  5.  Go  to  your  Biology  20  Multimedia  DVD  and  open  the  file  called  "Energy  Diagram."  What  do  the 
yellow  and  green  arrows  represent  in  the  diagram?  How  would  you  label  each  of  the  pictures  (e.g.,  producer, 
consumer)?  How  is  the  second  law  of  thermodynamics  represented  in  this  diagram? 

’ 

j Check  your  work  with  the  answer  in  the  appendix. 


Reflect  and  Connect 


i Draw  a diagram  (by  hand  or  by  computer)  or  write  a paragraph  describing  what  you  know  about  the  flow  of 
energy  through  the  biosphere.  Make  sure  that  your  diagram  or  paragraph  represents  each  of  the  summary 
points  from  pages  14  and  15  of  your  textbook.  Your  diagram  or  paragraph  is  a work  in  progress  and  will  be 
I modified  once  you  complete  Lesson  2.  Complete  your  work  and  save  it  in  your  course  folder  so  that  you  can 
access  it  again  in  Lesson  2. 


Module  1:  Lesson  1 Assignment 


Check  with  your  teacher  about  whether  your  need  to  submit  your  Lesson  1 Assignment  now,  or  whether  you 
will  submit  all  assignments  for  Module  1 at  the  end  of  Module  1 . 


Lesson  Summary 


f In  this  lesson  you  explored  the  following  essential  questions: 

• What  processes  do  producers  use  to  harness  energy? 

• How  is  energy  distributed  through  the  biosphere? 

' [ In  this  lesson  you  learned  that  approximately  98%  of  all  producers  use  photosynthesis  to  capture  and  store 
^1  solar  energy.  You  also  learned  that  the  other  2%  of  producers  that  use  chemosynthesis  live  in  extreme 
I conditions,  such  as  the  ocean  floor,  and  do  not  have  access  to  solar  energy.  Part  of  understanding 
I photosynthesis  is  to  explore  factors  that  can  get  in  the  way  of  it  running  smoothly. 

! I 

I Since  the  vast  majority  of  photoautotrophs  capture  and  store  solar  energy,  it  is  safe  to  say  that  solar  energy 
I maintains  life  in  the  biosphere.  It  is  necessary  for  the  right  conditions  to  be  present  so  that  this  vital  process  of 
I capturing  and  storing  energy  can  continue.  You  also  looked  at  how  solar  energy  is  distributed  outside  of 
photosynthesis.  Like  everything  in  biology,  there  is  a need  for  homeostasis — balance,  equilibrium,  and 
I maintaining  a steady  state.  If  any  part  of  the  big  picture  were  to  go  missing,  there  would  be  a big  problem. 
jAVhere  would  people  be  if  suddenly  there  were  no  Sun  or  no  producers? 
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Lesson  2 will  look  at  how  people  and  other  organisms  survive  because  of  the  continuous  flow  of  energy. 

Lesson  Glossary 

biosphere:  all  areas  on  Earth  that  can  sustain  life  and  are  inhabited  by  organisms  (air,  water,  land) 

chemosynthesis:  the  process  by  which  certain  fiingi  and  bacteria  use  the  energy  from  chemical  nutrients  to 
chemically  convert  carbon  (inorganic)  into  carbohydrates  (organic) 

consumers:  organisms  that  must  obtain  their  food  (energy)  by  eating  other  organisms  (producers  or 
consumers);  also  called  heterotrophs 

equilibrium:  all  living  components  of  the  biosphere  (e.g.,  humans,  bacteria,  plants)  balance  in  a system;  the 
overall  fluctuations  in  the  system  balance  out  and  there  is  no  net  change  over  time 

first  law  of  thermodynamics:  energy  in  a system  cannot  be  created  nor  destroyed;  it  changes  forms 

limiting  factor:  any  biotic  or  abiotic  factor  that  controls  or  limits  the  functioning  of  an  organism 

photoautotrophs:  photosynthetic  producers 

photosynthesis:  the  process  by  which  plants,  algae,  and  some  kinds  of  bacteria  use  solar  energy  to  chemically 
convert  carbon  (inorganic)  into  carbohydrates  (organic)  such  as  sugars  and  starches 

producers:  organisms  that  are  able  to  produce  their  own  food  (energy)  by  harnessing  chemical  or  solar 
energy;  also  called  autotrophs 
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Lesson  2 — Energy  Flow  Through  Trophic  Levels  and  the  Cycling  of  Matter 

I 

Get  Focused 

; Do  you  ever  get  the  feeling  that  you  are  outnumbered? 

There  are  more  plants,  four-legged  animals,  and  insects 
than  there  are  of  you.  You  get  the  picture.  If  you  want  to  be 
philosophical  about  your  presence  in  your  own  backyard, 

I you  are  just  one  in  a sea  of  thousands.  But  why  are  you 
outnumbered?  Think  about  the  complexity  of  your  diet  and 
what  you  know  about  energy  flow.  Hypothesize  where  you 
fit  in  terms  of  energy  flow  in  the  biosphere. 

In  Lesson  1 you  learned  that  producers  can  use 
photosynthesis  or  chemosynthesis  to  fuel  their  life 
processes.  Producers  are  the  initial  energy  supplier  for  you, 

' the  consumer.  You  also  reviewed  cellular  respiration  and  determined  how  it  is  used  to  access  energy. 

Of  all  the  energy  that  Earth  receives.  Lesson  2 will  focus  on  the  small  fraction  of  the  Sun’s  energy  that  is 
I transferred  from  one  organism  to  another  within  an  ecosystem.  You  will  study  the  flow  of  energy  between 
producers  and  the  various  types  of  consumers.  You  will  also  find  out  how  much  energy  is  actually  available 
ifrom  one  trophic  level  to  another  within  a food  chain. 

trophic  level:  describes  the  feeding  level  through  which  matter  and  energy  are  transferred;  indicates 
I an  organism’s  position  in  the  food  chain  (e.g.,  producer,  primary  consumer,  secondary  consumer) 

: food  chain:  a diagram  or  model  that  uses  a straight  line  to  show  how  food  (energy)  transfers  from 
producers  to  primary  consumers  to  higher  trophic  levels 

food  web:  a diagram  or  model  that  shows  the  connections  among  food  chains  (food/energy  transfer) 

I in  an  ecosystem 


© Tomas  Bercic/iStockphoto 


Consider  the  following  essential  questions  as  you  complete  this  lesson: 

• How  can  you  model  the  transfer  of  energy  and  matter  between  organisms? 

• How  can  you  use  math  to  explain  the  differences  in  energy  flow  in  various  ecosystem  food  chains? 

I 

Module  1:  Lesson  2 Assignments 

Your  teacher-marked  Lesson  2 Assignment  requires  you  to  submit  a response  to  the  following: 

^ • “Investigation  LB:  Weave  Your  Own  Food  Web” 

• Choose  ONE  of  the  two  Try  This  Thought  Labs 

• TR4 

• Discussion  (if  this  is  the  discussion  piece  you  decided  would  be  for  assessment) 
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You  can  find  your  Lesson  2 Assignment  in  the  Module  1 Assignment  Booklet. 

You  must  decide  what  to  do  with  the  questions  that  are  not  marked  by  your  teacher. 

Remember  that  these  questions  provide  you  with  the  practice  and  feedback  that  you  need  to  successfully 
complete  this  course.  You  may  decide  to  respond  to  all  the  questions  and  place  those  answers  in  your  course 
folder. 


Explore 


Read 


Begin  this  lesson  by  reading  page  16  of  your  textbook  up  to  and  including  the  left  side  of  page  18.  This 
information  reviews  what  you  have  previously  learned  about  feeding  relationships  in  ecosystems.  Organisms 
can  be  identified  in  many  ways,  such  as  through  feeding  relationships,  and  organisms  can  be  organized  into 
trophic  levels.  These  levels  also  indicate  the  amount  of  energy  available  to  organisms. 


Self-Check 


SC  1.  Answer  question  14  on  page  16  of  the  textbook. 

SC  2.  Answer  questions  15  and  16  on  page  18  of  the  textbook. 

Check  your  work  with  the  answer  in  the  appendix. 


Continue  reading  from  pages  1 8 to  24  in  your  textbook.  Be  sure  to  take  note  of  the  many  different  diagrams. 
These  diagrams  are  a visual  way  of  organizing  and  presenting  the  transfer  of  energy  from  one  trophic  level  to 
another  trophic  level  by  showing  biomass,  the  available  energy,  or  the  numbers  of  organisms.  After  these 
readings  you  will  be  asked  to  compare  and  contrast  these  diagrams  and  to  use  math  to  show  energy  flow 
through  trophic  levels. 


Self-Check 


Feeding  Relationships 

SC  3.  Go  to  your  Biology  20  Multimedia  DVD  and  open  the  file  named  "Food  Chain."  How  would  you  label 
this  diagram?  Scroll  over  each  picture  to  see  if  you  chose  the  correct  terminology. 
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Virtual  Ecosystem 

SC  4.  If  you  understand  food  chains,  trophic  levels,  and  the  classification  of  producers  and  consumers,  then 
iyou  can  skip  this  activity.  If  you  are  having  difficulty,  you  may  use  the  "Ecosystems,  Organisms,  and  Trophic 
Levels  Virtual  Lab"  provided  by  McGraw  Hill.  To  access  the  virtual  lab,  input  the  following  URL  into  your 
browser: 

http://www.mhhe.com/biosci/genbio/virtual_labs/BL_03/BL_03.html 

'Carefully  read  the  questions  and  the  procedure  for  the  laboratory. 

SC  5.  Answer  question  1 8 from  page  24  of  the  textbook. 

Check  your  work  with  the  answer  in  the  appendix. 

Try  This 


TRl.  In  this  activity  you  will  construct,  test,  and  compare  two  food  chains.  The  first  will  be  a northern  food 
bhain  and  the  other  will  be  a forest  food  chain.  To  access  this  activity  you  will  need  to  do  a web  search.  In 
your  Internet  search  engine,  type  in  the  keyword  “ecokids.”  Choose  the  “.ca”  website.  Using  the  Ecokids 
website  search  bar,  type  in  the  keywords  “chain  reaction.”  Choose  the  first  activity  that  appears  in  your  search, 
or  access  “Chain  Reaction — Build  a food  Chain.” 

To  support  this  comparison,  access  this  interactive  activity.  While  it  provides  a simple  explanation  of  food 
phains,  it  does  model  the  effect  of  losing  trophic  levels  in  a food  chain.  This  is  valuable  in  identifying  the 
differences  between  the  arctic  and  the  forest  food  chains. 


Record  your  answer  and  save  it  to  your  course  folder. 


Thought  Lab  1.1:  Analyzing  Energy  Transfers 


Assignment 


FR  2.  Complete  Analysis  questions  2,  3,  and  4 on  page  20  of  the  textbook.  Save  them  in  your  course  folder. 
You  will  be  choosing  one  of  the  “Thought  Labs”  to  hand  in  to  your  instructor  as  part  of  your  Lesson  2 
Assignment. 
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Thought  Lab  1.2:  Energy  Fluctuation  in  an  Ecosystem 


Assignment 


TR  3.  Complete  Analysis  questions  1 to  4 on  page  25  of  your  textbook.  There  is  spaee  available  for  you  to 
write  your  answers  for  this  aetivity  in  your  Lesson  2 Assignment  in  the  Module  1 Assignment  Booklet.  Be 
sure  to  save  your  responses  to  your  eourse  folder. 
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I^Read 

'As  a summary  of  Chapter  1 of  your  textbook,  read  page  29  from  the  book. 

Try  This 

TR  4.  Answer  question  10  on  page  27  of  your  textbook.  Be  sure  to  answer  all  parts  of  the  question,  and  clearly 
Show  your  calculations.  Be  sure  to  use  significant  digits  when  possible.  Check  the  appendix  to  see  metric 
conversions. 


Reflect  and  Connect 

j Remember  the  diagram  from  Lesson  1 that  you  completed  and  stored  in  your 
course  folder?  Now  that  you  know  more  about  energy  flow  through  trophic  levels, 

I how  could  you  modify  the  diagram?  Complete  your  additions  and  save  the 
; diagram  to  your  course  folder.  The  diagram  will  be  revisited.  This  should  help  you 
I with  the  following  assignment  (Investigation  l.B). 

I Complete  the  following  investigation.  Save  it  to  your  course  folder. 

Lesson  : Assignment 

Elefer  to  Lesson  2 Assignment  in  your  Module  1 Assignment  Booklet  and 
complete  Investigation  l.B. 
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Investigation  l.B:  Weave  Your  Own  Food  Web 


Complete  “Investigation  1 .B”  on  pages  22  and  23  of  your  textbook.  Post  your  Investigation  answers  to  the 
discussion  area.  Go  to  your  Biology  20  Multimedia  DVD  and  open  the  file  named  "Calculating  Solar  Energy" 
to  get  a tutorial  on  how  to  perform  the  calculations. 


Self-Check 


SC  6.  Answer  questions 
SC  7.  Answer  questions 

Check  your  work  with 
Discuss 


7 and  8 on  page  27  of  the  textbook. 

1,  5,  9,  12,  16,  and  19  on  pages  30  and  31. 

the  answer  in  the  appendix. 


Assignment 


Use  information  from  the  activity  in  Reflect  and  Connect,  and  from  any  other  activity  that  you  completed,  to 
respond  to  the  following  question:  Should  vegetarianism  be  encouraged  in  Canada?  Identify  the  benefits/risks 
of  the  Canadian  population  adopting  total  vegetarianism. 


These  discussions  are  a place  where  you  can  share  ideas  and  opinions,  so  put  some  thought  into  your  posting! 
Respond  to  at  least  one  other  classmate's  posting. 
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Discussion  Guide 


1 Expectations 

Excellent 

(3) 

Fair 

(2) 

Poor 

(1) 

Incomplete 

(0) 

The  student 

The  student 

The  student 

The  student 

i 
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does  not 

did  not 

a position  and 

position  and 

take  a 

answer  the 

provides 

provides 

position. 

question. 

Completeness 
i (X6) 

relevant 

support 

(facts. 

support 

(facts, 

figures,  uses 

The 

information 
has  some 

figures,  uses 

specific 

validity  but 

specific 
vocabulary  in 
context). 

vocabulary). 

lacks  focus. 

The  student 

The  student 

The  student 

The  student 

demonstrates 

demonstrates 

gives 

did  not 

an  excellent 

a good 

confusing 

complete  the 

understanding 

understanding 

answers 

investigation. 

of  the 

of  the 

and  does 

question. 

question,  but 

not  seem  to 

seems  a bit 

understand. 

The  student 

confused  with 

has  done 

some  of  the 

i Insight 

research  for 
the 

answers. 

“Extension” 

The  student 

question  and 

has  done 

states 

some 

sources. 

research  for 
the 

“Extension” 
question,  but 
does  not  state 

sources. 

1 Total 

21  marks 

i 


I 


Reflect  on  the  Big  Picture 


What  is  energy?  For  most  organisms,  it  comes  from  what  they  eat.  As  you  stand  outside,  possibly  in  your 
backyard,  you  should  have  a better  appreciation  for  the  importance  of  plants.  You  should  also  have  an 
understanding  of  why  people  are  outnumbered,  and  you  should  possess  the  ability  to  compare  the  transfer  of 

! 
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energy  in  your  ecosystem  with  that  of  an  aquatic  or  extreme  (deep  sea  or  arctic)  ecosystem.  You  have  now 
mastered  how  energy  flows  and  are  now  heading  to  the  realm  of  cycling  matter. 


Module  1:  Lesson  2 Assignment 


Check  with  your  teacher  about  whether  your  need  to  submit  your  Lesson  2 Assignment  now,  or  whether  you 
will  submit  all  assignments  for  Module  1 at  the  end  of  Module  1. 


Lesson  Summary 


In  this  lesson  you  explored  the  following  essential  questions: 

• How  can  you  model  the  transfer  of  energy  and  matter  between  organisms? 

• How  can  you  use  math  to  explain  the  differences  in  energy  flow  in  different  ecosystem  food  chains? 


During  this  lesson  you  should  have  learned  that  energy  transfer  through  food 
chains  is  very  inefficient.  You  may  have  considered  becoming  a vegetarian  if  you 
are  a conservationist.  And  you  should  be  able  to  model  and  calculate  energy 
transfer  in  a variety  of  ways.  If  you  don’t  think  that  you  have  this  mastered,  you 
should  talk  to  your  teacher. 


conservationist;  someone 
who  advocates  saving 
and/or  conserving  natural 
resources 


You  also  looked  at  a variety  of  different  ecosystems  and  the  biodiversity  within  these  systems.  Remember  that 
stable  ecosystems  have  a greater  biodiversity  than  unstable  ecosystems.  Stable  ecosystems,  such  as  a tropical 
rainforest,  are  less  affected  by  changes  at  any  given  trophic  level  or  changes  to  the  environment. 

This  is  because  organisms  at  higher  trophic  levels  have  a more  varied  diet  and  can  feed  on  a variety  of  food 
sources,  as  opposed  to  an  unstable  ecosystem,  such  as  the  Arctic,  where  organisms  at  higher  trophic  levels 
have  a very  specific  food  source.  In  an  ecosystem  like  the  Arctic,  slight  changes  to  global  temperature  may 
more  easily  affect  organisms  at  the  lower  trophic  levels  of  a food  chain. 

As  you  move  to  Lesson  3,  you  will  begin  to  explore  the  importance  of  water  in  cycling  matter. 

Lesson  Glossary 


conservationist:  someone  who  advocates  saving  and/  or  conserving  natural  resources 

food  chain:  a diagram  or  model  that  uses  a straight  line  to  show  how  food  (energy)  transfers  from  producers 
to  primary  consumers  to  higher  trophic  levels 

food  web:  a diagram  or  model  that  shows  the  connections  among  food  chains  (food/energy  transfer)  in  an 
ecosystem 

trophic  level:  describes  the  feeding  level  through  which  matter  and  energy  are  transferred;  indicates  an 
organism’s  position  in  the  food  chain  (e.g.,  producer,  primary  consumer,  secondary  consumer) 
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] 

Lesson  3 — Two  Hydrogens  and  an  Oxygen:  One  Small  Molecule,  One  BIG  Role 


Get  Focused 


So  you’ve  looked  out  your  back  door  and  contemplated  the  role  of  producers  and  consumers  in  making  sure 
^energy  continuously  flows  and  supports  life  on  Earth.  But  what  about  how  stuff  like  matter  gets  around?  And 
what  “matter”  really  matters?  Biologists  tend  to  favour  the  elements  of  carbon,  oxygen,  nitrogen,  and 
phosphorus  because  THESE  are  essential  building  blocks  for  all  life  on  Earth.  But  these  chemicals  don’t  have 
legs  to  get  from  one  place  to  another.  Like  people  can  use  waterways  to  move  themselves  around,  molecules 
interact  with  water  to  cycle  themselves  from  point  A to  point  B and  back  to  point  A. 

Go  to  your  Biology  20  Multimedia  DVD  and  watch  the  video  clip  titled  "Rain." 


I You  know  that  water  is  important  to  sustain  life  processes — living  things  die  without  it.  But  to  better 
I understand  what  role  water  plays  in  your  back  yard,  you  need  to  determine  what  properties  of  water  are 
i important  when  it  comes  to  cycling  the  matter  that  matters. 

onsider  the  following  question  as  you  complete  this  lesson: 

• What  chemical  and  physical  properties  of  water  make  water  an  important  part  of  biogeochemical  cycles? 

Module  1:  Lesson  3 Assignments 

Your  teacher-marked  Lesson  3 Assignment  in  the  Module  1 Assignment  Booklet  requires  you  to  submit  a 
Response  to  the  following: 

I • Lesson  3 Lab:  Assessing  Water  Quality 

• Lesson  3 Lab:  Societal  Uses  of  Water 

You  must  decide  what  to  do  with  the  questions  that  are  not  marked  by  the  teacher. 

R.emember  that  these  questions  provide  you  with  the  practice  and  feedback  that  you  need  to  successfully 
pomplete  this  course.  You  should  respond  to  all  the  questions  and  place  those  answers  in  your  course  folder. 

Explore 

Begin  your  introduction  to  this  lesson  by  reading  pages  34  to  36  of  your  textbook. 
vVater  has  many  unique  properties  that  make  it  an  important  part  of  cycling  matter. 

This  part  of  the  textbook  revisits  what  you  have  learned  about  water  in  Science  10, 

Uxch  as  heat  capacity,  adhesion,  cohesion,  and  the  ability  to  dissolve  many 
mbstances.  Water,  through  the  hydrologic  cycle,  cycles  substances  important  to 

nosphere  equilibrium.  © Stacey  Walker/iStockphoto 
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Self-Check 


SC  1.  Do  you  know  your  water  cycle?  Go  to  your  Biology  20  Multimedia  DVD  and  open  the  file  named 
"Water  Cycle."  Do  a review  by  looking  at  the  "Water  Cycle"  diagram.  See  if  you  know  how  to  correctly  label 
the  hydrologic  cycle. 

SC  2.  Why  is  water  considered  to  be  the  “universal  solvent”?  How  is  this  useful? 


Check  your  work  with  the  answer  in  the  appendix. 
Read 


Continue  reading  from  pages  36  to  37  in  your  textbook.  Start  reading  at  “Hydrogen  Bonding  Affects  Water  in 
Different  Phases.” 


Self-Check 


SC  3.  Look  at  this  photo. 


© Doug  Nelson/iStockphoto 


What  property  of  water  causes  water  to  bead  on  surfaces?  Explain. 
SC  4.  Answer  question  2 on  page  37  of  the  textbook. 

SC  5.  Why  does  ice  float?  Why  is  this  important? 

Check  your  work  with  the  answer  in  the  appendix. 
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Characteristics  of  Water 

Water  is  a finite  resource  in  the  biosphere,  and  it  can  be 
found  in  three  different  states:  liquid,  solid,  and  gas.  Since 
water  is  a finite  resource,  it  must  be  cycled.  There  is  a lot  of 
water  in  the  biosphere,  and  it  is  mostly  (97%)  found  in 
liquid  form.  A molecule  of  water  will  undergo  many  phase 
changes  in  order  to  complete  a full  turn  of  the  hydrologic 
cycle. 

Dissolving  substances  allow  water  to  carry  nutrients  to 
other  parts  of  an  ecosystem  where  they  may  be  used  as 
needed.  Keep  in  mind  that  water  does  not  discriminate 
between  dissolvable  matter!  Polar  wastes  and  toxic 
substances  can  also  be  dissolved  and  transported  in  water. 

Benefits  of  Hydrogen  Bonding 


positively 
charged  ion 


negative  ends  of 
water  molecules 
surround  positively 
charged  ion 


negatively 
charged  ion 


positive  ends  of 
water  molecules 
surround  negatively 
charged  ion 


Properties  of  water  that  are  influenced  by  hydrogen  bonding  between  water  molecules  include  cohesion, 
adhesion,  and  heat  capacity. 


cohesion:  inter-molecular  attraction  between  like-molecules  of  a substance 


Water  is  strongly  cohesive  due  to  the  polarity  of  its  molecules. 


! adhesion:  the  tendency  of  unlike  molecules  to  cling  together  because  of  attractive  forces 

I j Water  is  adhesive  also  due  to  polarity — the  negative  and  positively  charged  molecules  in  water 
j attract  other  ionic  molecules . 

iheat  capacity:  the  amount  of  heat  energy  (J)  required  to  change  the  temperature  of  one  gram  of 
; substance  by  1°C 

iWater  has  a high  heat  capacity  of  4.19  J/g°C. 

the  description  of  hydrogen  bonding  you  just  read,  which 
. iescribes  the  attraction  between  neighbouring  water 
liolecules,  is  often  referred  to  as  cohesion  within  water. 

The  strength  of  cohesion  between  water  molecules  results 
n water’s  high  surface  tension.  As  shown  in  the 
)hotograph,  the  cohesive  forces  between  water  molecules 
iupport  the  spider’s  weight.  Surface  tension  allows  the 
lurface  of  a body  of  water  to  become  a habitat  for  many 
nsects.  This  increases  the  biodiversity  within  aquatic 
ieosy  stems. 


© basell01658/shutterstock 


29 


Energy  Flow  and  the  Cycling  of  Matter 


Adhesion  is  the  attraction  of  water  molecules  to  other  substances.  This  allows  water  to  be  drawn  upwards 
within  plant  tissues,  against  the  force  of  gravity,  from  the  roots  to  the  leaves.  Once  water  reaches  the  leaves,  it 
becomes  involved  in  the  process  of  photosynthesis. 

As  you  may  recall  from  previous  science  courses,  photosynthesis  is  the  primary  energy-producing  process  for 
ecosystems.  Adhesion  permits  water  to  be  drawn  to  the  leaves  of  large  plants,  increasing  the  proportion  of 
solar  energy  captured  by  producers.  Capturing  solar  energy,  in  turn,  greatly  increases  the  energy  available  for 
consumers. 

Finally,  the  attractive  forces  between  water  molecules  have  the  ability  to  store  thermal  energy.  Water’s  high 
heat  capacity  allows  large  quantities  of  heat  to  be  absorbed  and  slowly  released  back  into  the  surroundings. 
Having  a high  heat  capacity  allows  water  to  moderate  the  temperature  within  systems — this  helps  maintain  a 
relatively  constant  body  temperature  or  reduce  large  fluctuations  in  climate. 


Watch  and  Listen 


Water  quality  affects  both  producers  and  consumers  within  an  ecosystem.  As  you  have  learned,  water  is  a 
universal  solvent.  This  makes  water  an  excellent  medium  in  which  to  carry  particles  within  the  biosphere.  As 
mentioned  earlier,  water  is  not  able  to  discriminate  against  particles  as  either  good  or  bad.  Human  activities 
can  influence  what  becomes  dissolved  in  water,  affecting  water  quality. 

The  Canadian  Broadcasting  Corporation  (CBC)  has  posted  archived  audio  and  television  clips  from  the  1950s 
to  2000  on  its  website  that  chronicle  the  ongoing  effects  of  human  activity  to  the  water  quality  of  the  Great 
Lakes.  To  access  this  series  of  sound  bites,  search  for  "CBC"  in  your  search  engine.  Once  you  are  at  the  home 
CBC  site,  locate  the  search  box  in  the  top-right  comer  and  enter  the  keyword  search  "Troubled  Waters."  The 
first  link  should  take  you  to  "Troubled  Waters:  Trouble  in  the  Great  Lakes."  Pick  several  clips  to  view  and 
listen  to.  What  are  your  thoughts  after  listening  to  some  of  these  clips? 

The  pollution  of  a lake  might  be  understandable,  but  what  about  the  quality  of  the  water  you  drink?  Water 
treatment  involves  altering  the  concentration  of  substances  dissolved  in  water  to  meet  national  standards.  In 
some  areas  of  Canada,  work  is  still  required  to  ensure  that  people  have  safe  drinking  water.  Return  to  the  CB( 
home  page  and  enter  the  keyword  search  term  “slow  boil.”  Select  the  first  URL.  Read  the  introductory 
material  describing  water-quality  issues  confronting  many  people  who  live  on  First  Nations  reserves. 

Once  you  have  read  through  the  introduction,  choose  the  “Audio”  clip  about  a reserve  in  Nova  Scotia. 


Try  This 


TR  1.  Canada  is  a developed  country.  Is  it  surprising  that  some  Canadians  do  not  have  access  to  a clean  wate 
source?  Why  do  these  people  not  have  access  to  clean  water?  What  should  be  done  about  this?  Save  your 
response  to  your  course  folder. 
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^^^Read 

Finish  reading  this  section  in  the  textbook  from  pages  38  to  40.  Be  sure  to  read  through  “Thought  Lab  2.1: 
iWater  Gains  and  Losses”  on  page  38. 


|SC  6.  What  are  the  similarities  between  the  water  budget  of  a person  and  a kangaroo  rat? 
SC  7.  Answer  questions  4 and  5 on  page  39  of  the  textbook. 

Check  your  work  with  the  answer  in  the  appendix. 


Lesson  3 Lab:  Assessing  Water  Quality 


I you  have  previously  seen  that  water  quality  can  seriously  affect  human  health  and  the  health  of  other 
[Organisms  within  an  ecosystem.  Water  pollution  caused  by  human  activities  can  decrease  the  quality  of  fresh 
^ Ivater. 


c:  [Jse  the  "Assessing  Water  Quality  Virtual  Lab"  provided  by  McGraw  Hill  to  explore  how  pollution  can  affect 
organisms  in  the  biosphere.  To  access  the  virtual  lab,  input  the  following  URL  into  your  browser: 

,ittp://www.nihhe.coni/biosci/genbio/virtual_labs/BL_09/BL_09.htnil 


^ake  sure  you  read  the  information  about  acid  rain  and  pH  levels  included  with  the  lab. 

it  follow  the  instructions  given  in  the  simulation  in  order  to  complete  the  lab.  Print  the  table  located  as  a link  in 
he  bottom  of  the  virtual  lab,  and  record  the  changes  you  observe  as  you  conduct  the  experiment.  Once  you 
lave  completed  and  repeated  the  experiment,  you  will  generate  a laboratory  report  by  following  the  template 
n the  Lesson  3 Assignment  in  the  Module  1 Assignment  Booklet.  Follow  the  instructions  included  in  the 
emplate,  save  a copy  in  your  course  folder,  and  then  submit  a copy  to  your  instructor  for  assessment.  In  your 
, ,eport,  make  sure  you  explain  the  role  carbonic  acid  had  in  the  experiment.  Identify  the  process  in  the 
^iydrologic  cycle  that  could  expose  freshwater  ecosystems  to  an  acid. 


Try  This 


"R  2.  In  the  virtual  experiment  you  just  completed,  carbonic  acid  was  used  to  simulate  the  effect  of  acid 
deposition  originating  from  natural  and  human-made  sources.  Consider  the  many  routes  water  can  take  while 
ycling  through  the  hydrologic  cycle.  You  will  control  the  path  of  a drop  of  water  as  it  travels  through  the 
ydrologic  cycle,  and  you  will  learn  about  the  interconnectedness  of  various  ecosystems  and  global  water  use. 
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Go  to  www.learnalberta.ca  and  click  on  the  search  link.  In  the  seareh  bar,  type  in  "Water  Cycle  Gizmo"  and 
click  the  resulting  link  called  "Water  Cyele".  Open  the  Gizmo.  You  may  need  a LeamAlberta  password  and 
username  to  access  this  Gizmo.  Contact  your  teacher  for  this  information. 


Step 

1: 

Print  the  “Exploration  Guide”  included  with  the  “Water  Cyele  Gizmo.” 

Step 

2: 

Follow  the  procedure  outlined  in  the  “Exploration  Guide.” 

Step 

3: 

Answer  the  questions  in  the  “Exploration  Guide”  as  you  complete  the  Gizmo. 

Step 

4: 

When  you  get  to  question  2 in  the  section  titled  “Follow  Your  Own  Water  Cycle,”  try 
to  ereate  the  shortest  possible  cycle  that  passes  through  “Industry”  and  “Agriculture.” 
Also,  try  to  create  the  longest  cycle  that  passes  through  “Industry”  and  “Agrieulture.” 
Export  both  cycles  into  a word-processing  document,  which  you  will  keep  in  your 
online  portfolio  and  later  use  in  a discussion. 

Write  a journal  entry  for  the  following  “Exploration  Guide”  questions: 

• Due  to  greenhouse  gas  emissions,  many  scientists  agree  that  Earth  is  gradually 
warming  up.  If  global  warming  continues,  what  do  you  think  will  happen  to  the 
glaciers  and  icecaps  of  Earth?  What  consequences  will  this  have  for  people  and 
other  living  things? 

Step 

5: 

• Consider  your  own  household  water  usage. 

■ Besides  drinking  and  cooking,  in  what  other  ways  do  you  use  water? 

■ Which  activity  do  you  think  accounts  for  the  greatest  percentage  of  your 
own  personal  water  usage? 

■ In  what  ways  could  you  reduce  your  water  usage  if  there  was  a water 
shortage? 

Feel  free  to  discuss  these  questions  with  family  members  and  friends  before 
completing  your  journal  entry.  Save  your  work  in  your  online  portfolio. 

Step 

6: 

In  the  discussion  area,  post  the  shortest  and  longest  water  cycle  you  were  able  to 
create.  Compare  these  cycles  with  your  classmates’  cycles.  Are  they  similar?  Did 
anyone  create  a water  cycle  that  surprised  you? 

Now,  post  your  reflection  about  your  own  household  water  usage.  Compare  it  with  your  classmates’  answers 
Does  everyone  have  the  same  type  of  water  usage?  Is  there  anyone  in  your  class  whose  family  is  practising 
water  conservation?  Keep  a copy  of  this  reflection  in  your  course  folder. 
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Reflect  and  Connect 


You  now  have  a good  understanding  of  the  many  paths 
that  a water  molecule  can  take  through  the  hydrologic 
cycle.  In  this  investigation  you  will  have  the  opportunity  to 
jwork  in  a group  of  two  to  four  people  with  the  goal  to 
analyze  Alberta’s  societal  use  of  water.  Why?  Because 
knowing  your  own  community’s  ecological  footprint  in 
relation  to  water  use  will  help  you  determine  how  large  an 
impact  Alberta  is  having  on  global  warming  in  comparison 
to  the  rest  of  the  global  community. 


Lesson  3 Lab:  Societal  Uses  of  Water 


"his  investigation  will  allow  you  to  look  at  water  usage  in  Alberta.  How  much  water  do  you  use?  What  is  the 
)rimary  way  you  use  water?  To  complete  this  investigation  you  need  to  access  your  Lesson  3 Assignment. 

'ou  will  be  creating  a presentation  for  this  assignment. 


ecological  footprint:  an  analysis  of  human 
consumption  of  natural  resources  compared  to 
the  ability  of  Earth  to  recreate  them 

This  analysis  gives  an  estimate  of  the  area 
(hectares)  required  for  humans  to  live  based  on 
their  given  lifestyles — most  North  American 
lifestyles  are  not  currently  sustainable  according 
to  the  analyses. 


^ our  instructor  will  use  the  following  rubric  to  evaluate  your  presentation. 


A^ssessment  Rubric 


Group  Project : Societal  Uses  of  Water 

CATEGORY 

4 

3 

2 

1 

IContent 

The  topic  is 

Essential 

Essential 

The  response 

1 

extensively 

knowledge  is 

information  is 

lacks  necessary 

1 

covered  with 

included  about 

included  about 

factual 

1 

explicit  reference 

the  topic  and  is 

the  topic  with 

information  and 

1 

to  details  and 

accompanied  by 

some  reference 

support  of  details. 

1 

examples.  The 

relevant  details 

made  to  relevant 

Relevant 

subject 

and  examples. 

details  and/or 

examples  of 

1 

knowledge  is 

The  subject 

examples.  The 

aspects  may  be 

1 

thorough  and  well 

knowledge  is 

response  may 

identified,  but 

1 

supported. 

extensive  but  may 
not  be  well 
supported. 

contain  minor 

errors  or 

omissions. 

they  are  not 
connected  and 
may  not  be 
relevant  to  the 
topic. 
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Sources 

A wide  range  of 
sources  of 
information  was 
consulted. 

Suitable  material 
was  selected  to 
support  the 
response.  Sources 
of  information 

were 

appropriately 

referenced. 

Multiple  sources 
of  information 
were  consulted. 
Suitable  material 
was  selected  that 
supports  the 
response.  Sources 
of  information 

were 

appropriately 

referenced. 

More  than  one 
source  of 
information  was 
consulted.  The 
response 

demonstrates  that 
an  attempt  was 
made  to  identify 
suitable  material 
that  supports  the 
response.  Sources 
of  information 

were 

acknowledged. 

Only  one  source 
of  information 
was  consulted. 

The  response 
demonstrates  a 
poor  attempt  to 
select  suitable 
supporting 
material.  Sources 
of  information 
may  not  be 
acknowledged. 

Workload 

(Student-based 

assessment) 

The  workload  is 
divided  and 
shared  equally  by 
all  team  members. 

The  workload  is 
divided  and 
shared  fairly  by 
all  team  members, 
though  workloads 
may  vary  from 
person  to  person. 

The  workload  is 
divided,  but  one 
person  in  the 
group  is  viewed 
as  not  doing  his 
or  her  fair  share 
of  the  work. 

The  workload  is 
not  divided  or 
several  people  in 
the  group  are 
viewed  as  not 
doing  their  fair 
share  of  the  work. 

Opinions  and 
Recommendations 

Student  responses 
were  well  thought 
out  and  contain 
insightful 
opinions  and 
plausible 

recommendations. 
The  conclusions 
show  an  in-depth 
and  thorough 
understanding  of 
the  relationship 
between  water 
usage  and  its 
impact  on  the 
overall  water 
quality  and 
economic  role  of 
water  in  society. 

Student  responses 
were  well  thought 
out  and  contain 
well-thought-out 
opinions  and 
recommendations . 
The  conclusions 
show  a detailed 
understanding  of 
the  relationship 
between  water 
usage  and  its 
impact  on  the 
overall  water 
quality  and 
economic  role  of 
water  in  society. 

Student  responses 
contain  logical 
opinions  and 
recommendations . 
The  conclusions 
show  an  adequate 
understanding  of 
the  relationship 
between  water 
usage  and  its 
impact  on  the 
overall  water 
quality  and 
economic  role  of 
water  in  society. 

Student  responses 
demonstrate 
reasonable 
opinions  and 
recommendations, 
but  they  may  not 
be  supported  by 
relevant  scientific 
facts. 

The  conclusions 
show  a poor 
understanding  of 
the  relationship 
between  water 
usage  and  its 
impact  on  the 
overall  water 
quality  and 
economic  role  of 
water  in  society. 
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Self-Check 


SC  8.  Answer  review  question  6 on  page  40  of  the  textbook. 


Check  your  work  with  the  answer  in  the  appendix. 


Going  Beyond 

I lead  the  following  CBC  article  about  Arctic  clouds.  Then,  in  the  discussion  area,  explain  why  you  think  these 
douds  might  be  warming  up  the  Arctic  instead  of  cooling  down  the  region.  Try  to  incorporate  into  your 
explanation  what  you  learned  about  water  in  this  lesson  as  well  as  what  you  know  about  the  albedo  effect, 
ilead  at  least  two  other  explanations. 

Co  find  this  CBC  article,  once  again  go  to  the  CBC  website.  Type  in  the  keywords  “tech  clouds.”  Choose  the 
irticle  titled  “Arctic  clouds  could  reveal  clues  about  global  warming.” 

'h  developing  your  answer,  you  may  want  to  consult  the  following  information: 


Specific  Heat  Capacity  of  Ice  and  Water 


Substance 

1 Specific  Heat  Capacity 

^ (J/g*°C  orkJ/kg«°C) 

ice , H20(s) 

2.01 

I water,  H20(l) 

4.19 

Module  1:  Lesson  3 Assignment 


heck  with  your  teacher  about  whether  your  need  to  submit  your  Lesson  3 Assignment  now,  or  whether  you 
dll  submit  all  assignments  for  Module  1 at  the  end  of  Module  1. 


Lesson  Summary 

j ou  explored  the  following  essential  question  in  this  lesson: 

! ! • What  chemical  and  physical  properties  of  water  make  water  an  important  part  of  biogeochemical  cycles? 

^ s you  explored  this  question,  you  learned  about  the  hydrologic  cycle  and  about  water’s  primary  role  as  a 
olvent  for  many  substances.  As  you  will  see  in  Lesson  4,  the  abundance  and  quality  of  water  influences  other 
' pgeochemical  cycles  to  allow  for  the  transport  of  substances  within  the  biosphere.  You  also  learned  that 
ater  is  a polar  molecule  and  that  its  polarity  enables  water  molecules  to  form  hydrogen  bonds.  Hydrogen 
mds  contribute  to  water’s  high  surface  tension  and  its  high  heat  capacity. 

I 
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Finally,  you  determined  that  the  use,  or  overuse,  of  water  by  soeiety  may  eventually  have  a negative  impact  or 
the  hydrologic  cycle  and  the  biosphere  as  a whole.  You  learned  that  approximately  70%  of  Earth’s  surface  is 
covered  by  water.  Since  a finite  amount  of  water  exists  on  Earth,  the  hydrologic  cycle  is  necessary  and  cannot 
be  jeopardized  by  human  activities.  Keep  the  hydrologic  cycle  in  mind  as  you  study  other  biogeochemical 
cycles  in  the  next  lessons.  Get  a better  grasp  of  the  magnitude  of  the  role  of  water  in  keeping  you  and  your 
backyard  alive. 

Lesson  Glossary 

adhesion:  the  tendency  of  unlike  molecules  to  cling  together  because  of  attractive  forces 

Water  is  adhesive  also  due  to  polarity — the  negative  and  positively  charged  molecules  in  water  attract  other 
ionic  molecules. 

cohesion:  inter-molecular  attraction  between  like-molecules  of  a substance 
Water  is  strongly  cohesive  due  to  the  polarity  of  its  molecules. 

ecological  footprint:  an  analysis  of  human  consumption  of  natural  resources  compared  to  the  ability  of  Earth 
to  recreate  them 

This  analysis  gives  an  estimate  of  the  area  (hectares)  required  for  humans  to  live  based  on  their  given  II 

lifestyles — most  North  American  lifestyles  are  not  currently  sustainable  according  to  the  analyses.  H 

heat  capacity:  the  amount  of  heat  energy  (J)  required  to  change  the  temperature  of  one  gram  of  substance  byK 

rc  II 


Water  has  a high  heat  capacity  of  4.19  J/g  °C. 


Cycling  of  Matter 


Lesson  4 — Cycling  of  Matter 
Get  Focused 


magine  you  are  outside  and  this  thought  suddenly  occurs  to 
jou:  “What  if  all  the  nitrogen  in  the  biosphere  were  used 
ip?” 


Actually,  that  thought  probably  wouldn’t  suddenly  jump 
nto  your  head  on  the  average  day.  But  if  it  did  you  might 
I ave  thought  of  it  because,  like  all  matter  on  Earth,  the 
apply  of  nitrogen  is  finite.  If  nitrogen  runs  out,  people  are 
lUt  of  luck  (nitrogen  = proteins  = people  are  made  of 
ip-oteins).  Earth  has  compensated  for  this  detail  by  its 
omplex  and  simple  processes  for  cycling  matter. 


ijo  you  have  the  simple  answer  for  the  question,  “Why  is  the  cycling  of  matter  within  the  biosphere  important 
) life  on  Earth?”  Life  couldn’t  exist  without  it. 


iji  Lesson  4 you  will  examine  the  cycling  or  recycling  processes  of  carbon,  oxygen,  nitrogen,  and  phosphorus, 
'ou  will  also  be  able  to  give  a more  complex  answer  about  how  this  cycling  occurs  and  further  explore  the 
pie  of  cycling  in  maintaining  equilibrium  in  the  biosphere. 


onsider  the  following  essential  question  as  you  complete  this  lesson: 

• How  do  carbon,  oxygen,  nitrogen,  and  phosphorus  cycle  through  the  biosphere? 


Module  1:  Lesson  4 Assignments 


pur  teacher-marked  Lesson  4 Assignment  requires  you  to  submit  a response  to  the  following: 

• Try  This:  TR  1 and  TR  2 

• Lesson  4 Lab:  Interdependence  of  Plants  and  Animals 

m can  find  the  Assignment  in  your  Module  1 Assignment  Booklet. 

ou  must  decide  what  to  do  with  the  questions  that  are  not  marked  by  the  teacher. 

^member  that  these  questions  provide  you  with  the  practice  and  feedback  that  you  need  to  successfully 
mplete  this  course.  You  should  respond  to  all  the  questions  and  place  these  answers  in  your  course  folder. 
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Explore 


Read 


How  are  primary  producers  connected  to  heterotrophs?  Both  are  involved  in  providing  necessary  nutrients  fo 
each  other.  They  both  contribute  to  biogeochemical  cycles.  Reading  page  42  of  the  textbook  and  page  43  up  1 
“The  Carbon  and  Oxygen  Cycles”  will  introduce  you  to  biogeochemical  cycles  and  new  vocabulary. 


Self-Check 

SC  1.  Answer  question  7 on  page  43  of  your  textbook. 

SC  2.  What  biotic  and  abiotic  components  are  directly  available  as  nutrients? 
SC  3.  What  biotic  and  abiotic  components  are  indirectly  available  as  nutrients? 

Check  your  work  with  the  answer  in  the  appendix. 

Read 


) Viktor  Neimanis/iStockphoto 


Continue  reading  page  43  in  the  textbook,  page  44  to  the  investigation,  and  page  46.  Your  textbook  will 
introduce  the  carbon  and  oxygen  cycles.  On  page  44  of  the  textbook,  there  is  a "Web  Link"  with  some 
wording  and  a link  to  an  animation  that  will  reinforce  what  has  been  presented  in  the  textbook  and  highlight 
vocabulary.  You  may  choose  to  watch  the  video  first,  or  maybe  you  prefer  to  read  something  first  and  then 
watch  a video.  Try  doing  it  one  way,  and  then  reverse  the  order.  Decide  which  method  is  most  helpful  to  yoi 
and  continue  through  the  lesson. 


The  Recycling  of  Other  Elements  and  Compounds 

In  Lesson  3 you  looked  at  how  water  is  recycled  through  the  biosphere.  The  idea 
of  recycling  also  applies  to  other  elements  and  compounds.  The  atoms  of  carbon, 
nitrogen,  oxygen,  phosphorus,  and  other  elements  that  make  up  the  bodies  of 
living  organisms  are  the  same  atoms  present  when  life  began  on  Earth.  These 
materials  must  also  be  recycled.  The  processes  involved  in  recycling  the  essential 
elements  and  compounds  are  referred  to  as  biogeochemical  cycles. 


biogeochemical  cycle: 

diagram  representing  th| 
movement  of  elements 
and  compounds  betweei 
living  and  non-living 
components  of  an 
ecosystem 


Although  the  word  biogeochemical  appears  long,  it  is  actually  made  up  of  three 
familiar  parts — bio  refers  to  life,  geo  refers  to  Earth,  and  chemical  refers  to  elements  and  compounds.  Thes 
cycles  refer  to  the  exchange  between  Earth  and  ecosystems  of  the  elements  essential  to  life. 

This  table  gives  a brief  overview  of  the  chemicals  that  you  will  be  studying.  The  table  also  relates  what  thes 
chemicals  are  used  for  in  living  organisms. 
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Element 

Used  in  the  production  of . . . 

carbon 

carbohydrates,  fats,  proteins,  hormones,  vitamins 

oxygen 

carbohydrates,  fats,  proteins,  hormones,  vitamins,  required  for  cellular 
respiration 

nitrogen 

proteins,  nucleic  acid  (e.g.,  deoxyribonucleic  acid  (DNA)) 

phosphorus 

cell  membrane  structural  components,  cellular  energy  molecules  (e.g., 
adenosine  triphosphate  (ATP)) 

The  Carbon  Cycle 

All  life  on  Earth  is  based  on  molecules  containing  carbon.  Atoms  of  carbon  form  the  framework  for  proteins, 
carbohydrates,  fats,  and  other  molecules  important  to  biological  systems.  The  carbon  cycle  begins  with 
producers  taking  in  carbon  dioxide  from  the  atmosphere.  During  photosynthesis,  energy  from  the  Sun  is  used 
by  producers  to  convert  carbon  dioxide  gas  into  energy-rich  molecules  of  glucose  to  be  used  by  living 
organisms  as  a source  of  food  and  energy.  The  simplified  overall  equation  for  photosynthesis  is 


^Energy  + 6 C02(g)  + 6 H20(g)  ^ C6Hl206(aq)  + 6 02(g) 

I Living  organisms  return  carbon  dioxide  to  the  atmosphere  by  cellular  respiration.  The  simplified  overall 
It'S  equation  for  cellular  respiration  is 

i 

jij  C6Hl206(aq)  + 6 02(g)  ^ 6 C02(g)  + 6 H20(l)  + Energy 

The  movement  of  carbon  through  the  carbon  cycle  is  highly  affected  by  carbon  being  stored  in  a variety  of 
[reservoirs,  including  fossil  fuels,  animal  fossils,  and  the  vast  reserves  of  calcium  carbonate  in  the  world’s 
I oceans. 


Reservoirs  of  carbon  are  called  carbon  sinks.  Boreal  forest 
ecosystems  are  now  recognized  as  significant  carbon  sinks 
not  only  due  to  the  trees  that  live  there,  but  also  because  of 
the  accumulation  of  peat  in  these  wetland  ecosystems.  Peat 
I bogs  in  Alberta  are  called  muskeg.  Recent  studies  of  peat 
bogs  in  Siberia  have  revealed  that  some  of  these  bogs  have 
been  around  since  the  last  ice  age,  which  makes  them  at 
least  10  000  years  old. 


carbon  sink:  a system  that  removes  more 
carbon  dioxide  from  the  atmosphere  than  it 
releases  into  the  atmosphere 

peat:  deep  layers  of  mosses  and  plant  remains 
unable  to  completely  decompose  due  to  the  lack 
of  oxygen  in  water-saturated  soil 


These  studies  have  also  determined  that  peat  bogs  absorb  huge  amounts  of  carbon — this  makes  them  among 
^^[the  world’s  top  carbon  sinks.  Unfortunately,  if  peat  bogs  are  drained  and  decomposition  is  allowed  to  occur, 
the  carbon  stored  there  is  released  as  carbon  dioxide.  These  ecosystems  then  become  a source  of  carbon 
iinstead  of  a sink. 
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i 


The  Carbon  Cycle 


Watch  and  Listen 


Go  to  your  Biology  20  Multimedia  DVD  and  open  the  file  called  "Carbon  Cycle."  Follow  the  movement  of 
carbon  as  carbon  dioxide  or  carbohydrate  molecules  through  various  possible  pathways  in  the  biosphere. 

The  Oxygen  Cycle 

Each  breath  you  take  involves  the  essential  process  of  extracting  oxygen  from  the  atmosphere.  Most  living 
things  cannot  survive  without  a source  of  oxygen.  Even  aquatic  organisms  take  in  dissolved  oxygen  from  the 
water.  Why  is  oxygen  so  essential?  Oxygen  reacts  so  intensely  with  other  elements  in  chemical  reactions  that 
significant  amounts  of  energy  are  released.  Organisms  can  then  use  the  energy  released  in  these  oxidation 
reactions. 

Given  the  reactive  nature  of  oxygen,  it  is  natural  to  wonder  why  there  is  any  oxygen  left  in  the  atmosphere. 
After  all,  if  oxygen  combines  so  readily  with  elements  like  iron  to  form  oxidized  mineral  sediments,  why 
hasn’t  the  oxygen  all  been  used  up?  The  answer  is  photosynthesis. 

According  to  the  fossil  record,  billions  of  years  of  photosynthesis  by  cyanobacteria  living  in  warm,  shallow 
seas  created  Earth’s  current  oxygen-rich  atmosphere.  Modem  plants  maintain  this  atmosphere  by  adding  to  the 
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' reserve  of  atmospheric  oxygen.  This  atmosphere  is  balanced  by  cellular  respiration  where  energy  is  released 
Ifrom  the  combustion  of  food  molecules  in  the  presence  of  oxygen  gas. 


The  Oxygen  Cycle 


Connections  to  the  Carbon  Cycle 

The  oxygen  cycle  has  much  in  common  with  the  carbon  cycle — the  sinks  for  carbon  are  the  sources  for 
oxygen,  and  vice  versa.  In  both  cases,  the  main  processes  responsible  for  cycling  through  ecosystems  are 
photosynthesis  and  cellular  respiration. 

Despite  these  similarities,  there  are  some  important  differences.  Carbon  dioxide  comprises  only  about  0.03% 
of  the  atmosphere,  whereas  oxygen  accounts  for  21%.  This  means  that  the  dynamic  between  carbon  and 
oxygen  is  only  a small  part  of  the  total  oxygen  system. 


plants,  algae, 
cyanobacteria 


The  total  oxygen  system  also  involves  the  cycling  of  other  nutrients,  such  as  sulfur,  phosphorus,  and  nitrogen. 
To  simplify  matters,  only  the  connection  to  carbon  is  shown  in  “The  Oxygen  Cycle”  illustration. 

When  you  study  the  nitrogen  cycle,  you  will  see  another  example  of  a process  that  connects  to  the  total  oxygen 
system. 


p.f 
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Try  This 


TR  1.  Sketch  a unified  diagram  that  identifies  processes  common  to  both  the  carbon  cycle  and  the  oxygen 
cycle.  Identify  the  key  forms  in  which  carbon  and  oxygen  will  occur  within  both  the  oxygen  cycle  and  the 
carbon  cycle. 


Self-Check 


SC  4.  Go  to  your  Biology  20  Multimedia  DVD  and  watch  the  video  clip  titled  "Deforestation."  Answer 
question  10  on  page  46  of  your  textbook. 


Check  your  work  with  the  answer  in  the  appendix. 


Read 


Although  the  sulfur  cycle  is  not  one  of  the  elements  that  you  are  required  to 
explain,  sulfur  is  still  an  important  cycled  element.  Read  about  this  element  on 
page  46  of  the  textbook,  starting  at  “The  Sulfur  Cycle.”  Also  read  page  47  of  the 
textbook  and  page  48  up  to  “The  Nitrogen  Cycle.”  Acid  deposition  is  a term  in 
this  reading  that  you  should  know. 


acid  deposition:  the 

deposit  of  acid  to  land  and 
water  through  acidic  rain, 
snow,  or  sleet 


Self-Check 


SC  5.  Answer  question  1 1 on  page  48  of  the  textbook. 

SC  6.  Answer  question  12  on  page  48  of  the  textbook. 

SC  7.  Is  acid  deposition  limited  to  sulfur  compounds?  Why? 

Check  your  work  with  the  answer  in  the  appendix. 


Lesson  4 Lab:  Interdependence  of  Plants  and  Animals 


The  sections  of  this  lab  that  are  to  be  submitted  for  assessment  are  indicated  in  your  Lesson  4 Assignment  in 
your  Module  1 Assignment  Booklet.  Please  place  the  answers  to  “Interdependence  of  Plants  and  Animals”  in 
this  document. 
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Assignment 


|In  previous  science  courses  you  learned  about  the  important  role  undertaken  by  producers  within  ecosystems. 
'They  produce  the  oxygen  you  breathe  and  are  the  main  source  of  energy  for  organisms.  The  combination  of 
photosynthesis  and  cellular  respiration  demonstrates  the  linking,  or  interconnectedness,  of  biogeochemical 
cycles  that  act  to  maintain  a balance,  or  equilibrium,  with  respect  to  the  composition  of  gases  found  in  the 
! iatmosphere. 

I To  access  this  lab,  go  to  www.learnalberta.ca  and  log  on  to  the  website.  Talk  to  your  teacher  if  you  require  a 
I password.  Click  the  search  link  and  type  in  "Interdependence  of  Plants  and  Animals  Gizmo"  into  the  search 
S bar.  Click  the  resulting  link,  "Interdependence  of  Plants  and  Animals." 

I 1 . Start  the  lab  that  comes  up.  You  may  work  with  a partner  or  you  may  ask  classmates,  using  the 

I ; discussion  area,  to  help  you  with  some  of  the  questions. 

f 2.  Print  the  “Exploration  Guide,”  and  follow  the  instructions. 

' 3.  Complete  the  lab  in  the  “Exploration  Guide.” 

4.  Answer  the  three  questions  in  the  “Exploration  Guide.”  There  is  space  in  your  Module  1 : Lesson  4 
Assignment  to  copy  and  paste  the  guide  questions  and  record  your  answers.  You  will  be  prompted  to 

I experiment  with  combinations  of  snails  and  plants  until  you  are  satisfied  that  you  have  observed  the 
optimum  ratio  of  snails  to  plants  based  on  what  you  believe  shows  a stable  mini-ecosystem. 

5.  Complete  the  self-checking  “Assessment  Questions”  and  check  your  answers.  You  should  note  which 

: questions  you  had  difficulty  with.  Print  off  or  save  a screen  capture  of  these  questions  to  your  computer. 

You  may  be  able  to  use  these  questions  for  a review. 


i The  Nitrogen  Cycle 

i (Nitrogen  is  critically  important  to  life  because  it  is  a key  component  in  biologically  important  molecules,  such 
' as  protein  and  DNA.  Since  the  atmosphere  is  composed  of  78%  nitrogen,  it  is  reasonable  to  wonder  why  you 
1 can’t  get  your  nitrogen  from  breathing.  After  all,  more  than  three-quarters  of  every  breath  is  nitrogen! 


I The  trouble  with  this  idea  is  that  nitrogen  gas,  N2,  is  non-reactive;  it  takes  a lot  of 
energy  to  break  up  N2  molecules  so  single  nitrogen  atoms  can  be  combined  with 
other  elements  to  form  proteins.  Plants  and  other  producers  have  the  same 
1:  problem — they  can’t  use  atmospheric  nitrogen  either.  The  plants  rely  upon 
■ bacteria  to  convert  nitrogen  gas,  N2,  into  forms  they  can  use. 


'ii 

I- 

!! 

I 

j 

i 


These  other  forms  of  nitrogen  include  ammonia  (NH3),  nitrate  ions  (N03-),  and 
nitrite  ions  (N02-).  These  nitrogen-containing  substances  are  found  in  the  waste 
products  of  many  organisms  and  in  dead  and  decaying  organic  matter. 


nitrogen  fixation:  the 

process  of  converting 
nitrogen  gas  into 
ammonia 

nitrifying  bacteria:  a 

type  of  soil  bacteria  that 
converts  ammonia  into 
nitrates  and  nitrites 
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Plants  use  nitrates  or  nitrites  for  their  nutrients.  For  nitrogen  gas  to  be  used  by 
plants,  the  gas  has  to  be  converted  by  certain  types  of  bacteria  into 
ammonia — this  is  done  using  a process  known  as  nitrogen  fixation. 

The  bacteria  involved  in  nitrogen  fixation  are  found  in  the  soil  and  the  nodules  on 
the  roots  of  plants  called  legumes.  Other  types  of  bacteria  in  the  soil,  known  as 
nitrifying  bacteria,  convert  ammonia  into  nitrates  and  nitrites  by  a process  called 

nitrification. 

Since  all  cycles  have  to  be  able  to  return  to  the  starting  point,  another  soil  bacteria 
known  as  denitrifying  bacteria  converts  nitrates  into  nitrogen  gas.  This  process 
is  known  as  denitrification.  Other  non-living  processes — such  as  lightning — may 
convert  nitrogen  gas  into  nitrates. 


nitrification:  the  process 
of  converting  ammonia 
into  nitrates  or  nitrites 

denitrifying  bacteria:  a 

type  of  soil  bacteria  that 
converts  nitrates  in  soil 
into  nitrogen  gas, 
releasing  this  gas  to  the 
atmosphere 

denitrification:  the 

process  of  converting 
nitrates  in  the  soil  into 
nitrogen  gas 
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nitrates  (NOa") 


nitrites  (NOg") 


denitrifying 

bacteria 


nitrifying  bacteria 


nitrogen-fixing  soil  bacteria 


The  Nitrogen  Cycle 


nitrogen  in  atmosphere  (N2) 


decomposers 
(bacteria  and  fungi) 


plants 
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^Read 


There  is  quite  a bit  of  vocabulary  associated  with  the  nitrogen  cycle  such  as  denitrification,  nitrogen  fixation, 
and  nitrification,  so  it  may  be  advantageous  to  make  definitions  in  your  own  words.  You  can  also  make 
drawings  to  show  what  each  word  means  and  where  the  word  fits  into  the  nitrogen  cycle. 


Self-Check 


SC  8.  How  does  the  nitrogen  cycle  diagram,  “Figure  2.16,”  on  page  49  of  the  textbook  compare  to  the  diagran 
titled  “The  Nitrogen  Cycle.” 

Check  your  work  with  the  answer  in  the  appendix. 


Watch  and  Listen 


Input  the  following  URL  from  McGraw  Hill  into  your  browser: 
http://www.nihhe.com/biosci/genbio/espv2/data/ecology/004/index.htnil 

View  the  nitrogen  cycle  animation  by  choosing  "4.163  Nitrogen  Cycle"  from  the  list. 


Read 


The  phosphorus  cycle  is  much  less  complex  than  the  nitrogen  cycle.  What  makes  it  less  complex?  In  your 
textbook,  read  page  49,  starting  at  “The  Phosphorus  Cycle.”  Also  read  pages  50  and  52. 


Self-Check 


SC  9.  Why  do  organisms  need  phosphorus? 


SC  10.  Describe  the  cycling  of  phosphorus. 

SC  11.  What  happens  to  a water  system  when  there  is  an  increase  in  phosphorus? 
SC  12.  Why  could  this  lead  to  eutrophication? 

Check  your  work  with  the  answer  in  the  appendix. 


eutrophication: 

excessive  plant  growth 
and  decay  caused  by  an 
excessive  amount  of 
chemical  nutrients 
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Try  This 


TR  2.  Draw  a unified  diagram  that  illustrates  how  carbon,  oxygen,  nitrogen,  and  phosphorus  cycle  together 
through  the  biosphere. 


Reflect  and  Connect 


As  you  worked  through  Lesson  4,  the  Self-Check  questions  offered  an  opportunity  to  make  predictions  about 
* what  may  happen  when  the  biogeochemical  cycles  are  altered  in  some  way. 


‘1 

What  would  happen  if  you  were  missing  one  of  the  substances  involved  in  biogeochemical  cycles?  Would  you 
be  able  to  enjoy  your  backyard  or  the  outdoors  in  the  same  way  as  you  always  do?  Hopefully,  you  are  over  any 
' initial  panic  about  the  thought  of  running  out  of  nitrogen,  because  you  know  that  nitrogen  cycles.  Now  you 
: should  be  predicting  what  effect  humans  have  on  these  cycles  of  carbon,  oxygen,  nitrogen,  and  phosphorus. 


Reflect  on  the  Big  Picture 


i As  seasons  cycle,  so  do  nutrients.  How  do  you  think  seasons  affect  biogeochemical  cycles?  How  are 
|:  biogeochemical  cycles  part  of  the  flow  of  energy?  As  you  move  through  this  module,  focus  on  how  balance 
and  equilibrium  are  always  present  in  every  process  that  occurs  in  nature.  You  also  need  to  think  about  how 
you  and  other  people  around  you  can  have  an  effect  on  this  balance. 


Module  1:  Lesson  4 Assignment 


j Check  with  your  teacher  about  whether  your  need  to  submit  your  Lesson  4 Assignment  now,  or  whether  you 
I will  submit  all  assignments  for  Module  1 at  the  end  of  Module  1. 


Lesson  Summary 


I jYou  explored  this  essential  question  in  this  lesson: 

• How  do  carbon,  oxygen,  nitrogen,  and  phosphorus  cycle  through  the  biosphere? 

Biogeochemical  cycles  are  interactions  between  producers  and  consumers  and  between  the  abiotic  and  biotic 
^components  of  an  ecosystem.  In  effect,  these  cycles  are  like  cereal  because  they  provide  essential  nutrients! 
Since  the  nutrients  (carbon,  oxygen,  nitrogen,  and  phosphorus)  available  in  the  biosphere  are  in  limited  supply, 
they  must  be  cycled.  Lesson  4 required  you  to  be  able  to  describe  each  cycle  and  make  predictions  about  the 
consequence  of  alterations  in  each  cycle — for  example,  deforestation  can  affect  the  carbon-oxygen  cycles. 


t 
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Lesson  Glossary 

acid  deposition:  the  deposit  of  acid  to  land  and  water  through  acidic  rain,  snow,  or  sleet 

biogeochemical  cycle:  a diagram  representing  the  movement  of  elements  and  compounds  between  living  and 
non-living  components  of  an  ecosystem 

carbon  sink:  a system  that  removes  more  carbon  dioxide  from  the  atmosphere  than  it  releases  into  the 
atmosphere 

denitrification:  the  process  of  converting  nitrates  in  the  soil  into  nitrogen  gas 

denitrifying  bacteria:  a type  of  soil  bacteria  that  converts  nitrates  in  soil  into  nitrogen  gas,  releasing  this  gas 
to  the  atmosphere 

eutrophication:  excessive  plant  growth  and  decay  caused  by  an  excessive  amount  of  chemical  nutrients 
nitrification:  the  process  of  converting  ammonia  into  nitrates  or  nitrites 
nitrifying  bacteria:  a type  of  soil  bacteria  that  converts  ammonia  into  nitrates  and  nitrites 
nitrogen  fixation:  the  process  of  converting  nitrogen  gas  into  ammonia 

peat:  deep  layers  of  mosses  and  plant  remains  unable  to  completely  decompose  due  to  the  lack  of  oxygen  in 
water-saturated  soil 
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Lesson  5 — Biodiversity  and  Biomagnification 


Get  Focused 


If  you  walk  into  your  backyard  with  binoculars,  you  will 
likely  notice  two  things  (especially  if  it  is  not  winter).  Items 
look  bigger  than  usual  through  the  binoculars,  and  there  is  a 
diverse  amount  of  living  things  outside.  By  knowing  these 
two  facts,  you  can  probably  make  a decent  attempt  at 
defining  biodiversity  and  biomagnification. 


Consider  the  following  question  as  you  complete  this 
lesson: 

• How  do  biodiversity  and  biomagnification  relate  to 
energy  flow  and  the  cycling  of  matter? 


! 


© Helder  Almeida/iStockphoto 


i\  Lesson  5 is  the  last  lesson  in  Module  1 . When  you  are  ready  to  start  the  module  project,  go  to  Module 
i i Summary  and  Assessment  for  detailed  instructions  outlining  how  the  project  will  be  assessed. 


i' 

I 

i 


Module  1:  Lesson  5 Assignments 


Your  teacher-marked  Lesson  5 Assignment  requires  you  to  submit  a response  to  the  following: 


: You  can  find  your  Lesson  5 Assignment  in  the  Module  1 Assignment  Booklet. 

• Try  This — TR  1 . and  TR  2. 

• Reflect  and  Connect 

• Reflect  on  the  Big  Picture 


!:  You  must  decide  what  to  do  with  the  questions  that  are  not  marked  by  the  teacher. 


Remember  that  these  questions  provide  you  with  the  practice  and  feedback  that  you  need  to  successfully 
complete  this  course.  You  should  respond  to  all  the  questions  and  place  those  answers  in  your  course  folder. 


Begin  this  lesson  by  reading  “Biomagnification:  A Fish  Story”  on  page  28  of 
your  textbook.  You  don’t  need  to  attempt  the  questions  yet. 

To  further  your  understanding  of  biomagnification  and  biodiversity,  watch  the 
"Biomagnification"  video  on  your  Biology  20  Multimedia  DVD. 


biodiversity:  a variety  in 
the  number  and  kind  of 
species  in  a given  area 
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Self-Check 

SC  1.  How  do  you  think  biomagnification  could  have  a destabilizing  effect  on  an 
aquatic  ecosystem? 

SC  2.  What  role  does  the  hydrologic  cycle  play? 

SC  3.  How  can  the  effects  of  biomagnification  be  reduced? 

Check  your  work  with  the  answer  in  the  appendix. 

Try  This 

Assignment 

Please  go  to  your  Lesson  5 Assignment  in  your  Module  1 Assignment  Booklet  to  answer  the  following  Try 
This  questions. 

TR  1.  Complete  questions  1 to  5 on  page  28  of  your  textbook. 

TR  2.  How  does  the  cycling  of  a harmful  element  compare  to  a biogeochemical  cycle? 

Reflect  and  Connect 

Assignment 

This  activity  is  part  of  your  Lesson  5 Assignment  in  your  Module  1 Assignment  Booklet. 

Why  should  you  learn  about  the  connections  between  biodiversity,  energy  flow,  biomagnification,  and  the 
cycling  of  matter?  You  can  record  your  response  using  graphics,  text,  or  multimedia.  Make  sure  you  support 
your  reasons  with  examples.  Record  your  answer  in  your  Assignment  Booklet. 

Reflect  on  the  Big  Picture 

Assignment 

This  activity  is  a part  of  your  Module  1 : Lesson  5 Assignment. 


biomagnification:  the 

buildup  of  harmful 
chemicals  in  higher 
trophic  levels  (top 
predators) 
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What  can  biodiversity  and  biomagnification  tell  you  about  the  biosphere’s  state  of  equilibrium?  Reeord  your 
; answer  in  your  Module  1 Assignment  Booklet. 


Module  1:  Lesson  5 Assignment 


Remember  to  submit  the  Module  1 Assignment  Booklet  to  your  teacher  when  you  complete  the  Lesson  5 
Assignment. 


Lesson  Summary 


You  explored  this  essential  question  in  Lesson  5: 

• How  do  biodiversity  and  biomagnification  relate  to  energy  flow  and  the  cycling  of  matter? 

As  you  worked  through  Lesson  5,  you  may  have  found  that  biodiversity  and  biomagnification  are  relatively 
■ straightforward  concepts.  In  previous  lessons  you  have  looked  at  the  matter  that  really  matters  and  how  it  gets 
I j' around  (biogeochemical  and  hydrologic  cycles),  as  well  as  how  energy  (food)  flows  through  trophic  levels. 

:!l 

'Biodiversity  builds  upon  what  you  know  about  food  chains  and  trophic  levels,  while  biomagnification  adds  to 
(what  you  know  about  the  cycling  of  matter.  The  difference  is  that  biomagnification  deals  with  the  cycling  of 
harmful  chemicals  rather  than  essential  nutrients.  People  have  managed  to  unintentionally  contribute  matter  to 
ithe  biosphere,  whichinstead  of  enhancing  life,  serves  to  minimize  it.  Fortunately,  you  are  now  aware  of  some 
human  impacts  and  can  make  decisions  about  the  actions  you  wish  to  take  in  the  future. 


j;Now  that  you  are  finished  the  lessons  for  this  module,  you  should  begin  the  module  project  in  the  Module 
Summary  and  Assessment. 


Lesson  Glossary 


ibiodiversity:  a variety  in  the  number  and  kind  of  species  in  a given  area 
ibiomagnification:  the  buildup  of  harmful  chemicals  in  higher  trophic  levels  (top  predators) 
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Module  Summary 

Now  that  you  have  completed  Module  1,  you  should  have  a better  idea  that  there  are  two  methods  by  which 
energy  is  captured  in  the  biosphere.  They  are  the  processes  of  photosynthesis  and  chemosynthesis,  which  you 
studied  in  Lesson  1.  You’ll  remember  that  photosynthesis,  which  captures  solar  energy,  is  the  process  by 
which  approximately  98%  of  terrestrial  producers  capture  energy.  The  other  2%  of  producers  live  in  extreme 
environments  where  they  have  no  access  to  solar  energy,  so  they  rely  on  the  process  of  chemosynthesis. 

Because  the  majority  of  terrestrial  producers  capture  solar  energy,  people  say  that  it  is  solar  energy  that 
maintains  the  biosphere! 

What  about  the  release  of  energy?  Do  you  remember  the  process  in  which  this  takes  place?  If  you  are  thinking 
of  cellular  respiration,  you  are  correct.  As  you  saw  in  Lesson  2,  any  energy  in  the  biosphere  that  is  converted 
into  useful  chemical  energy  during  the  photosynthetic  and  chemosynthetic  processes  is  also  used  by  producers 
and  consumers  at  various  trophic  levels.  This  happens  through  the  process  of  cellular  respiration.  Cellular 
respiration  allows  organisms  to  convert  the  chemical  energy  into  forms  of  energy  that  sustain  life. 

Do  you  remember  the  second  law  of  thermodynamics?  It  states  that  during  any  energy  conversion,  some 
energy  is  lost  as  heat — a non-usable  form  of  energy.  This  heat  is  then  radiated  back  into  the  atmosphere,  where 
it  is  either  released  into  outer  space  or  captured  by  greenhouse  gases  and  re-emitted  back  toward  Earth’s 
surface.  || 

It  is  important  that  you  realize  that  cellular  respiration  is  not  only  a means  of  radiating  energy  back  into  the  || 
biosphere.  This  process  also  allows  for  the  flow  of  energy  through  the  biosphere.  In  Lesson  2 you  studied  food|| 
chains  in  food  webs.  This  allowed  you  to  understand  that  animals,  and  the  food  chains  they  form,  allow  for  thej 
transfer  or  flow  of  energy  in  the  biosphere.  You  also  learned  that  only  10%  of  the  energy  acquired  by  an  || 
organism  is  passed  on  to  the  next  trophic  level  until  there  is  not  enough  energy  to  sustain  another  organism.  In  l| 
Lesson  2 you  also  learned  that  animals  assist  in  the  recycling  of  matter  in  the  biosphere.  H 

In  Lesson  3 there  was  an  explanation  that  the  water  cycle  plays  a central  role  in  the  cycling  of  all  matter.  || 

Nearly  all  matter  is  able  to  dissolve  in  water.  (Water  is  often  called  a universal  solvent.)  This  makes  water  an  || 
excellent  carrier  of  all  molecules  that  make  up  matter.  You  will  remember  that  water  vapour  can  travel  long 
distances  and,  therefore,  can  carry  molecules  between  ecosystems.  This  allows  matter  anywhere  in  the 
biosphere  to  be  replenished.  The  other  point  you  learned  about  the  water  cycle  in  Lesson  3 is  that  the  i 

characteristic  which  allows  it  to  work  with  all  the  other  cycles  also  makes  it  quite  vulnerable  to  pollution. 

In  Lesson  4 you  found  out  that  matter  must  cycle  through  both  biotic  and  abiotic  reservoirs  in  order  to  cycle  in 
the  biosphere.  You  should  now  know  that  biotic  reservoirs  are  all  living  and  recently  living  matter  and  abiotic 
reservoirs  are  all  non-living  components  of  the  biosphere.  You  also  learned  that  the  whole  point  of  recycling 
matter  is  for  producers  to  obtain  molecules  from  which  they  create  organic  compounds.  The  organic 
compounds  formed  from  these  recycled  molecules  include  carbohydrates,  proteins,  and  lipids — all  of  which 
are  required  for  the  survival  of  all  living  organisms. 

Lesson  5 focused  on  the  relationship  of  biodiversity  and  biomagnification  with  energy  flow  and  the  cycling  of 
matter  in  the  biosphere. 

In  Module  2 you  will  build  on  the  concepts  you  have  learned  and  studied  in  Module  1 . 
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Module  Assessment 


You  will  be  graded  according  to  the  work  you  completed  for  the  lesson  assignments  and  the  module  project. 
The  module  project  will  be  the  final  assignment  for  Module  1. 


Module  Project 

I As  you  have  worked  through  Module  1 , you  have  often  been  asked  to  “look  in  your  backyard”  to  give  you 
' context  or  something  you  can  relate  to  for  your  learning.  You  may  not  have  a traditional  backyard,  but  you 
I should  have  access  to  the  outdoors.  This  is  your  mission  for  your  final  project.  Go  outdoors.  If  you  have  access 
' to  a digital  camera,  take  a photo  of  something  that  is  living  outside  (e.g.,  a blade  of  grass,  a branch,  an  insect, 
your  pet,  or  your  foot).  You  can  be  as  creative  as  you  want  and  you  might  even  get  more  than  one  living  thing 
; in  your  photo.  If  you  don’t  have  a digital  camera,  make  a sketch  or  a painting.  If  you  are  really  stuck,  scan  a 
I cool  picture  that  you  already  have,  or  find  an  image  from  a magazine.  Now  that  you  have  this  image,  present 
1 the  following  information: 

I • Map  the  flow  of  energy  to  the  subject  or  subjects  of  your  image,  and  demonstrate  how  the  energy  flows 
' from  the  subjects  in  your  photo.  (3  marks) 

• Indicate  what  trophic  levels  are  occurring  in  your  photo.  (2  marks) 

; • Explain  or  show  how  the  water  cycle  plays  a role  in  your  photo.  (5  marks) 

• Explain  or  show  how  the  biogeochemical  cycles  play  a role  in  your  photo.  (5  marks) 

I ' • Explain  how  biodiversity  and  biomagnification  can  be  related  to  your  photo.  (5  marks) 

i • For  the  format  of  your  presentation,  you  may  choose  to  write  a descriptive  paragraph  underneath  your 

; I photo,  create  a PowerPoint  presentation,  or  make  a poster.  The  choice  is  yours  to  make  as  long  as  the  key 
li  I points  are  covered.  (5  marks) 

1 1 This  module  project  is  worth  25  marks.  Have  fun  with  it! 

It 

! ,,  Module  Glossary 

M- 

I acid  deposition:  the  deposit  of  acid  to  land  and  water  through  acidic  rain,  snow,  or  sleet 
, ! adhesion:  the  tendency  of  unlike  molecules  to  cling  together  because  of  attractive  forces 


I Water  is  adhesive  also  due  to  polarity — the  negative  and  positively  charged  molecules  in  water  attract  other 
! I ionic  molecules. 


biodiversity:  a variety  in  the  number  and  kind  of  species  in  a given  area 

biogeochemical  cycle:  a diagram  representing  the  movement  of  elements  and  compounds  between  living  and 
non-living  components  of  an  ecosystem 

|biomagnification:  the  buildup  of  harmful  chemicals  in  higher  trophic  levels  (top  predators) 
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biosphere:  all  areas  on  Earth  that  can  sustain  life  and  are  inhabited  by  organisms  (air,  water,  land) 

carbon  sink:  a system  that  removes  more  carbon  dioxide  from  the  atmosphere  than  it  releases  into  the 
atmosphere 

chemosynthesis:  the  process  by  which  certain  fungi  and  bacteria  use  the  energy  from  chemical  nutrients  to 
chemically  convert  carbon  (inorganic)  into  carbohydrates  (organic) 

cohesion:  inter-molecular  attraction  between  like-molecules  of  a substance 

Water  is  strongly  cohesive  due  to  the  polarity  of  its  molecules. 

conservationist:  someone  who  advocates  saving  and/  or  conserving  natural  resources 

consumers:  organisms  that  must  obtain  their  food  (energy)  by  eating  other  organisms  (producers  or 
consumers);  also  called  heterotrophs 

denitrification:  the  process  of  converting  nitrates  in  the  soil  into  nitrogen  gas 

denitrifying  bacteria:  a type  of  soil  bacteria  that  converts  nitrates  in  soil  into  nitrogen  gas,  releasing  this  gas 
to  the  atmosphere 

ecological  footprint:  an  analysis  of  human  consumption  of  natural  resources  compared  to  the  ability  of  Earth 
to  recreate  them 

This  analysis  gives  an  estimate  of  the  area  (hectares)  required  for  humans  to  live  based  on  their  given 
lifestyles — most  North  American  lifestyles  are  not  currently  sustainable  according  to  the  analyses. 

equilibrium:  all  living  components  of  the  biosphere  (e.g.,  humans,  bacteria,  plants)  balance  in  a system;  the 
overall  fluctuations  in  the  system  balance  out  and  there  is  no  net  change  over  time 

eutrophication:  excessive  plant  growth  and  decay  caused  by  an  excessive  amount  of  chemical  nutrients 

first  law  of  thermodynamics:  energy  in  a system  cannot  be  created  nor  destroyed;  it  changes  forms 

food  chain:  a diagram  or  model  that  uses  a straight  line  to  show  how  food  (energy)  transfers  from  producers 
to  primary  consumers  to  higher  trophic  levels 

food  web:  a diagram  or  model  that  shows  the  connections  among  food  chains  (food/energy  transfer)  in  an 
ecosystem  ^ 

heat  capacity:  the  amount  of  heat  energy  (J)  required  to  change  the  temperature  of  one  gram  of  substance  by 
1°C 

Water  has  a high  heat  capacity  of  4.19  J/g  °C. 

limiting  factor:  any  biotic  or  abiotic  factor  that  controls  or  limits  the  functioning  of  an  organism 


54 


Biodiversity  and  Biomagnification 


I'  nitrification:  the  process  of  converting  ammonia  into  nitrates  or  nitrites 
I nitrifying  bacteria:  a type  of  soil  bacteria  that  converts  ammonia  into  nitrates  and  nitrites 
: nitrogen  fixation:  the  process  of  converting  nitrogen  gas  into  ammonia 

! peat:  deep  layers  of  mosses  and  plant  remains  unable  to  completely  decompose  due  to  the  lack  of  oxygen  in 
water-saturated  soil 

j photoautotrophs:  photosynthetic  producers 

photosynthesis:  the  process  by  which  plants,  algae,  and  some  kinds  of  bacteria  use  solar  energy  to  chemically 
convert  carbon  (inorganic)  into  carbohydrates  (organic)  such  as  sugars  and  starches 

producers:  organisms  that  are  able  to  produce  their  own  food  (energy)  by  harnessing  chemical  or  solar 
energy;  also  called  autotrophs 

'trophic  level:  describes  the  feeding  level  through  which  matter  and  energy  are  transferred;  indicates  an 
i organism’s  position  in  the  food  chain  (e.g.,  producer,  primary  consumer,  secondary  consumer) 

i' 
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Self-Check  Answers 


Lesson  1 
SC  1. 

3.  The  energy  in  photosynthesis  is  solar  energy  converted  to  chemical  energy.  The  energy  in  cellular 
respiration  is  from  the  stored  chemical  energy  that  originated  from  photosynthesis;  chemical  energy  is 
converted  to  other  kinds  of  energy  like  heat  and  motion  (energy  required  for  cellular  processes  to  occur.) 
Celllular  respiration  energy  will  never  be  involved  in  photosynthesis. 

4.  Consumers  require  the  products  of  producers  (e.g.,  oxygen,  carbohydrates)  and  contribute  the  chemical 
elements  of  carbon  dioxide  and  water,  which  are  required  for  photosynthesis  by  producers. 

SC  2.  The  energy  transfer  from  the  solar  system  to  organisms  on  Earth  is  not  efficient  because  only  2%  of  this 
energy  transfer  actually  makes  it  to  living  things  (producers).  However,  the  producers  that  capture  this  energy 
are  capable  of  sustaining  life  on  Earth  with  only  2%  of  this  energy  by  producing  from  150-  to  200-billion 
tonnes  of  biomass. 


SC  3.  Chemosynthesis  is  similar  to  photosynthesis  because  they  both  use  one  form  of  energy  to  create  the 
organic  molecules  required  for  life.  This  is  the  beginning  of  energy  flow  in  a system  lacking  light. 

A difference  is  that  chemosynthetic  organisms  use  the  energy  from  splitting  hydrogen  sulfide  bonds  instead  of 
energy  from  the  Sun.  Chemosynthetic  organisms  produce  sulfuric  acid  instead  of  oxygen.  Chemosynthetic 
organisms  are  mainly  bacteria. 


SC  4. 

6.  The  first  law  of  thermodynamics  states  that  energy  cannot  be  created  or  destroyed,  but  it  can  be 
transformed  from  one  form  to  another,  or  passed  from  one  object  to  another.  The  second  law  of 
thermodynamics  states  that  with  each  energy  conversion,  there  is  less  energy  to  do  useful  work,  because 
some  energy  is  converted  into  a form  that  organisms  cannot  use,  such  as  heat. 

7.  The  albedo  of  fresh  snow  is  80  to  90  percent,  while  the  albedo  of  water  is  25  percent  or  less.  (See  page 
1 1 of  the  textbook.)  Forests  and  grasses  have  even  lower  albedo  values  (7  to  18  percent  and  18  to  25 
percent,  respectively).  With  the  loss  of  snow  and  ice  cover,  which  both  have  high  albedos,  more  of 
Earth’s  surface  will  have  a low  albedo.  As  the  albedo  of  Earth’s  surface  decreases,  less  incoming  radiant 
energy  from  the  Sun  is  reflected  by  the  Earth’s  surface.  More  radiant  energy  is  absorbed,  further 
warming  the  planet  and  reducing  snow  and  ice  cover. 

8.  As  the  skunk  cabbage  carries  out  cellular  respiration  and  other  reactions,  it  transfers  energy  to  the 
environment  as  dissipated  heat,  which  melts  the  snow. 


SC  5.  The  second  law  of  thermodynamics  is  represented  by  the  loss  of  heat  at  every  level.  There  is  less  and 
less  energy  available  after  each  conversion. 
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! 


j Lesson  2 

i 

sc  1. 

14.  The  first  trophic  level  contains  producers.  The  secondary  trophic  level  contains  primary  consumers, 
while  the  third  level  is  made  up  of  secondary  consumers.  Tertiary  consumers  are  in  the  fourth  level,  and 
the  fifth  trophic  level  is  composed  of  quaternary  consumers. 

SC  2. 

; 15.  Less  energy  is  transferred  from  one  trophic  level  to  the  next  trophic  level  because  from  80  to  95  percent 

I of  chemical  energy  is  transferred  to  waste  products  and  to  the  environment  as  heat  during  cellular 

respiration.  This  is  summarized  as  the  “rule  of  10,”  which  means  that  approximately  10  percent  of  the 

I initial  energy  at  one  trophic  level  will  transfer  to  the  next,  a different  trophic  level. 

■;  16.  Food  chains  are  limited  in  length  because  eventually  the  available  transferable  energy  dwindles  to 

nothing.  An  example  is  that  100  kJ  energy  ->  10  kJ  energy  ->  1 kJ  energy  ->  0.1  kJ  energy,  and  so  on. 


IjSC  5. 

j 18.  An  energy  pyramid  cannot  be  inverted.  An  energy  pyramid  shows  the  reduction  in  energy  amounts  at 

I each  trophic  level  rather  than  numbers  of  organisms  or  biomass.  Energy  is  interpreted  the  same  way  by 
scientists,  whereas  biomass  is  not.  There  are  no  exceptions  as  to  how  energy  is  interpreted.  Energy  will 
ALWAYS  be  less  as  you  move  up  through  the  trophic  levels 

i|rR  4. 

Il000g  = 1 kg 
1 1 = 1000  kg 
dOOO  J = 1 kJ 


6. 

[.  The  unit  area  in  a measure  of  biomass  provides  a basis  of  comparison  and  can  be  considered  a controlled 
ariable.  Without  including  the  unit  area,  comparisons  of  dry  weight  would  be  meaningless. 

8.  a)  less  producers  = less  energy  for  higher  trophic  levels  (limits  food  supplies)  = less  organisms  at  each 
Irophic  level 

;))  more  secondary  consumers  = less  primary  consumers  = more  producers  ^ there  would  be  more  energy 
iivailable  for  primary  consumers 

>C  7. 

-.  Decomposers  feed  on  once  living  or  organic  matter  to  survive;  they  are  not  creating  their  own  energy. 

b The  spring  melt  is  starting  earlier,  the  sea  ice  is  thin,  and  the  weather  is  unusual.  These  observations 
i-oincide  with  scientific  data. 
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9.  a)  Species  have  varied  diets.  For  example,  people  eat  vegetables  (primary  consumer)  but  also  eat  fish 
(tertiary  consumer). 

b)  When  an  organism  is  not  dependent  on  only  one  food  source,  the  chances  of  it  surviving  a year  where  that 
food  source  was  scarce  is  increased.  When  organisms  can  ensure  survival  through  hardship  (fluctuations  in 
energy  flow),  an  ecosystem  has  greater  stability  (greater  biodiversity  = greater  stability). 

12.  Seasons  (winter — snow  covered  and  leaves  are  gone),  drought,  and  the  amount  and  intensity  of  sunlight 
can  limit  growth. 

16.  The  relative  number  of  producers  that  can  support  consumers  is  greater  in  a grassland  due  to  the  size  of  the 
producer;  an  aspen  tree  can  support  many  primary  consumers  due  to  its  size. 

19.  a)  producer  to  primary  consumer — rule  of  10 — 1 kg  X 10  = 10  kg  of  strawberries  would  have  to  be  eaten 
for  you  to  gain  1 kg  of  mass. 

b)  producer  to  primary  consumer  to  secondary  consumer  to  tertiary  consumer — rule  of  10 — 1 kg  x 10  x 10  x 
10  = 1000  kg  of  plant  material  would  be  consumed  through  this  food  chain  so  that  you  could  gain  1 kg  of 
mass. 

Lesson  3 

SC  1.  Open  the  "Water  Cycle"  file  on  your  Biology  20  Multimedia  DVD.  Roll  your  mouse  over  the  picture  to 
see  the  answers. 

SC  2.  Because  water  is  a polar  molecule,  the  positively  charged  hydrogen  atoms  easily  form  bonds  with 
negatively  charged  ionic  molecules.  The  negatively  charged  oxygen  atom  will  also  form  an  ionic  bond  with 
positively  charged  ionic  molecules.  Therefore,  water  will  dissolve  almost  any  ionic  compound.  Since  it 
dissolves  so  many  compounds,  water  then  has  the  ability  to  transport  ionic  compounds  where  they  are  needed. 
For  example,  phosphorus  in  the  soil  dissolves  in  water  in  order  to  get  to  the  roots  of  plants 


SC  3.  Hydrogen  bonding  or  cohesion,  which  is  the  attraction  of  water  molecules  to  each  other  (polarity), 
causes  surface  tension. 

SC  4. 


a.  Water  has  a 100°C  temperature  range  before  it  will  change  state  (ice  or  vapor).  Therefore,  water  has  the 
ability  to  transport  nutrients  in  varying  conditions  (e.g.,  Arctic  versus  tropical  conditions).  Water  must 
be  liquid  (aqueous)  to  dissolve  substances. 

b.  Water  changes  density  as  it  cools,  which  will  cause  it  to  sink  and  rise  and  cycle  oxygen  and  nutrients. 
Water  is  most  dense  at  4°C. 
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c.  Adhesion  provides  an  upward  force  on  water  and  counteracts  the  pull  of  gravity.  Cohesion  happens 
because  water  molecules  are  more  attracted  to  themselves  than  other  molecules  (to  a point),  and  as  one 
molecule  moves  out  of  the  plant  (transpiration),  another  will  take  its  place. 

SC  5.  Ice  floats  because  it  is  less  dense  than  water.  If  ice  was  denser,  life  in  aquatic  systems  would  die  every 
winter  if  a body  of  water  froze  from  the  bottom  up. 


SC  6.  In  both  organisms,  water  gained  = water  lost  and  the  most  water  is  lost  through  urine  and  evaporation. 


SC  7. 

4.  Organisms  gain  water  through  eating,  metabolism,  and  drinking. 

I 5.  Organisms  lose  water  through  urine,  feces,  and  evaporation  (breathing  and  sweating). 


! 

I 

tsC  8. 

'j  6.  Water  is  important  to  life  because  it  dissolves  and  transports  materials,  stores  heat  that  moderates  the 
climate,  and  is  required  in  metabolic  processes. 

[Lesson  4 

lisc  1. 

I 7.  Nutrients  from  slow  cycling  will  eventually  become  a part  of  rapid  cycling  processes. 

^ SC  2.  Biotic  components  directly  available  as  nutrients  are  living  or  recently  living  organisms.  Atmosphere, 
soil,  and  water  are  abiotic  components  directly  available  as  nutrients. 

' jSC  3.  Fossil  fuels  (fossilization)  are  biotic  components,  which  are  indirectly  available  as  nutrients.  Abiotic 
: components  indirectly  available  as  nutrients  are  minerals  in  rock. 


SC  4. 

:io. 

I a.  Deforestation  reduces  the  amount  of  photosynthesis  ^ less  C02  is  removed  from  the  atmosphere  by 

I plants,  which  reduces  the  amount  of  carbon  and  oxygen  cycled  through  the  biosphere.  Deforestation  also 

Ii  reduces  the  amount  of  energy  available  to  primary  consumers.  Debris  or  leftover  biomass  will 
I decompose,  and  carbon  dioxide  will  be  released  to  the  atmosphere. 


Burning  fossil  fuels  releases  carbon  from  slow  cycling  and  quickly  increases  the  amount  of  carbon  in  the 
atmosphere  (relatively  speaking). 

Agriculture  creates  crops — photosynthesis  takes  in  C02  and  provides  energy  (glucose)  to  consumers. 
However,  agriculture  often  relies  on  deforestation  for  land,  which  will  increase  carbon  dioxide  as  overall 
photosynthesis  decreases  (trees  remove  more  carbon  dioxide  from  the  air  than  crops) 
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SC  5. 

1 1 . Acid  deposition  is  natural  and  returns  sulfur  to  the  soil  and  the  ocean  but  too  much  deposition  can 
damage  plants  and  lakes.  Nutrients  may  also  be  leached  from  the  soil. 

SC  6. 

12.  Bacteria  convert  sulfur  compounds  and  add  the  sulfur  back  to  the  soil. 

SC  7.  No,  water  molecules  can  combine  with  nitrogen,  phosphate,  and  carbon  molecules  to  create  acidic 
solutions. 

SC  8.  Both  diagrams  show  the  role  of  bacteria,  plants,  and  decomposers  in  the  process  of  cycling  nitrogen. 

The  diagram  in  the  textbook  shows  a terrestrial  and  aquatic  biotic  community,  outlines  that  nitrogen  is  added 
to  water  by  runoff,  and  shows  that  human  activities  can  add  nitrates  to  the  cycle.  Decomposers  are  not  shown 
in  the  biotic  community,  but  they  do  exist  there. 

SC  9.  Organisms  require  phosphorus  to  make  ATP,  DNA,  teeth,  and  bones.  Phosphorus  is  also  part  of  the  cell 
membrane  (i.e.,  phospholipid  bilayer). 

SC  10.  Phosphorus  is  transported  by  water  and  doesn’t  cycle  through  the  atmosphere;  phosphorus  enters  the 
soil  through  organisms  by  waste/decay  (rapid  cycling)  and  from  the  weathering  of  rock  (slow  cycling). 

SC  11.  An  algal  bloom  can  occur  if  there  is  too  much  phosphorus  in  a water  system.  An  excess  of  nutrients 
encourages  excessive  plant  growth,  which  leads  to  the  eutrophication  of  lakes. 

SC  12.  Eutrophication  would  occur  because  excessive  plant  growth  would  block  light  to  other  photosynthetic 
plants,  meaning  less  oxygen  produced  in  the  long  term.  Meanwhile,  organisms  flourish  in  the  short  term  due  to 
the  increased  plant  growth  but  end  up  using  up  the  available  oxygen  and  contributing  carbon  dioxide.  Also, 
decaying  matter  would  increase,  which  would  use  up  oxygen  and  increase  carbon  dioxide  levels. 

Lesson  5 

SC  1.  By  reaching  high  levels  of  concentration  at  the  top  predator  level,  top  predators  can  be  affected  by  dying 
off  or  by  becoming  sick.  If  the  predators  die  off,  then  there  would  be  an  increase  in  lower  trophic  level 
organisms.  This  would  alter  the  transfer  of  energy. 

More  organisms  would  be  alive  at  one  point  than  is  usual  for  the  ecosystem,  which  would  put  a strain  on  the 
amount  of  oxygen  in  the  water.  A lake  could  begin  to  die.  Also,  as  it  is  decomposed,  the  decaying  fish  would 
re-release  the  harmful  chemical  right  back  into  the  ecosystem.  The  cycle  would  be  never  ending  until  the 
chemical  broke  down  or  all  of  the  organisms  died. 

SC  2.  The  hydrologic  cycle  transports  naturally  occurring  and  artificial  chemicals  into  water  systems  through 
runoff  and  precipitation. 

SC  3.  The  effects  of  biomagnification  can  be  reduced  by  properly  disposing  wastes  and  by  reducing  the  need 
for  these  harmful  chemicals  in  industries. 
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